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PREFACE 


The litemtiiro oii photography abounds with hooks devoted to the elementary 
or purely artist ic phas(^s of tht^ sul)jeet. Few hooks are devoted to the serious aspeuits 
of the teelmiciue of the photographie process or to the scientific basis underlying 
photograpliy and its ai)pli(uitions, and most of these treat only of some r(iistrict.(‘d 
branch of photography. 

This “ Handbook of Pli()togra.phy ” was born of the desire of the editors to possess 
for their own use a compreliensivt^, authoritative refereiuu! work oti phot.()grai)hy 
and its teehnic^al and scientilic applications—a reference text having the directness, 
rigor, and aui.hority which might be found, for example, in the various engineering 
handbooks. 

A numlx'r of workers in the photographie field, selexited for their specializ(‘d 
knowl(Hlg(‘, have (•oop(U’a,ted in th(^ i)re|)Jiration of matiu’ial for this handbook. Tlu' 
work of th(‘ (‘ditors has beam htrgc'ly that of phinning, organizing, and editing tlu^ 
individ\ial iu;uiuscrij)ts for (‘iudi cha,ptt‘r, a.s w(‘ll as of orga.nizing the hook as a, whole. 

The (‘ditors wish to (‘xpress tln'ir apprc'ciation to l{,i(diar(l 8. Morse of the Kastman 
Kodidv Vo. and to Dr. C'harh's ,1. Smaih'y for tin* eriticai rc'viewing of several numii- 
,scripts imdiuhal in (his volunu'. 8(‘veral of 1h(‘ illusi,rations art^ reproduced Ihrough 
lh(‘ courl(‘sy of tlu' Bausch and Lomh Optical Oo., tlu^ Kastnnm Kodak CV>., iuid 
Julius Springi'i'. 

K. H. 

B. I). 
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CHAP^n^]R I 

OUTLINE OF PHOTOGRAPHY 

Hy Kicrrii IIionney and liEVKiti/Y Uuddey 

Present Status of Photography. fad. I iin.(. visioiv irt .s<miko upon, which wo 

<lep<‘n(l most, in arriving at- our idivis and {inclusions of t he (^x1,(U’ior world is proba.hly 
tlu^ reason why visual n'proscndaiions luivc; a.lwa,.ys Ixam so important in cionvc;^dng 
intolligoiK'o bed w(‘(‘n p(‘opl(v CnuU'; drawings a.nd skotc'luvs, for tlu? purpose of impart¬ 
ing id('as, ccn-tainly aidtalato llx^ writ ten word and probably a.lso the more refined 
('laborations of the si)ok(‘n word, and tht'y still find application. Orthogra,phi(j 
projections, isometric p(>rs|)(‘ct iv(^ draw ings, a.nd syml)oli(r or graphical representations, 
usually tcchidca.1 in character, a.r(' la.t(>r d<'v<'loj)m<Mit.s of tln^ first (u-ude factual type 
of drawings. A totally different type of int<'llig(‘nc(‘ eon\’('ya,ne(^, in which, aestlmtics 
and th(‘ api)r('ciat ion of tlu' Ixaiutiful play a. doiniininl part, has hecni (hwadoped in the 
various nudhods of painting, drawing, and the gi’apbic .arts. All thes(^ powerful 
and hods of conveying int (dligenci* Ix' it. fa<dual data, or a, (h'sire to point out th(^ 
Ix'aiitiful in natuia' dejamd for llndr su<-cess upon the iid('rpndii.tion of results 
through our visual sens('. All of t Iumu inak(' use of light, as t he conunon factor. 

Wit h t h(‘ int rodmd ion of pra(d ieal photographic proc(>ss('S lieginnijig about. a, 

lu'w, accurate, and relati\'ely rapid nu'ans of poi’t ra\'ii>g visual sensations Ixaranie 
possible. At first t he.se pliotograpliie pro<‘<'ss('S were slow, cuiulxu’sonu^, a,nd were 
infnxpK'nt ly eniplo_\'ed, at U'ast judg(Ml by pr(‘sent. standards. Hut the I’csult.s that 
cotdd b(' obtaineil ii> t lu' hands of skille<l workc'rs were (iuit(‘ nMuarka.I)le. With t he 
int rodiud ion of dry plates ainl roll film in t lu^ latli'r part, of t he uiiud.c'cnt h <aMitury, 
<s)nsid<'r:d)l<' inip(dus was given to ;>hot(tgraphy. It. Ixa-aiin^ possible to use photo¬ 
graphs to replac(^ hand drawings foi' purposes of illust rat ion in reading nial lf'r. Pic- 
tuH's eoidd b(' made, l•('lalively (piickly, of nuiny things for which a gra.phi(‘a.l record 
Wits d(«sir<‘d. m*\\ held of artistry became po.ssibh', although evum now thetas aia^ 
some who nd’use to admit tin' .artistic po.ssibilities of photographic nudhods. Tln^ 
int ro(hiet ion of the film rather Ih.an the gl.ass plate as a h;u-.(' for lln* i)hot.ogr.aphic. 
eimdsion made possil he I h(' mot ion pi cl urcs ami aideil I h(' .adopt ion of j)hol,ogra.pliy .as 
,a. hobby 1».N’ a. v.asi army of ,am.at(Mir photograplua's. 

More rcfamlly, tin' int I'odind ion of high-sp(‘ed film matia-ials luiving g(X)d color 
siaisil ivil y I hroughoul most, if not .all, of t In- visible s[xxd rum .and t in* wid(‘ a,c.c('pta.nce 
of high pria'isiou ea uua’.ais ol miid.a I lire si/.e prod\ice( 1 a public “ |>i(d u re cousciousm^ss 
which has Ixaui la)nsid<a’.ably .st rmigl luaual in tin* last (h'c.aih'. 1 his has rcsulf.i'tl in, 
or perhaps it wouhl b(“ more precise* to say that, this has b<‘<*n associa.t.(Ml with, con- 
sich'rable iiuiirovements in tlu* graphii* arts. Maga./.in('S, books, !ind u(.;wspa,p(U's arc 
belter illuslral(‘d than ever before, and I lu're an* more illustrations usi'd in t.lu'in. 
Hince about 1 tld.a or H)H() a number of publications have* appeari'd whic.h Inive been 
iilmost (‘omph'lely di'vidf'd to the |)iclori.*d representation of current (‘V(*n|s. Indeed 
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the effectiveiieas of pictures is so great that a large portion ol uc wsptiper readers 
at least in the large metropolitan areas, form their opinions and ^ *^ough pic 

tures rather than through the written word, and there is some doulit ns to whethe 
the users of such printed matter can truly be called “.readers.” , - . , t, 

The universal appeal of pictorial representations, the wide a lipdfuilulit y ot photoj! 
raphy to practically any and every activity directly or as an irnpoi’t **’” adjunct, an 
the high quality and reliability of photographic equipiuent, tojgof ^ | it *s i c.lativ 

“foolproofness,” have enabled even the youngest tyro to obtain r<nn)gnizn.blo picturei 
Yet, in its more advanced forms, photography presents a challong:<' to tlio best axtis 
or scientific worker, or serious amateur. Because there is no fiohl m wluc-h photof 
raphy may not be used, it has an appeal which is perhaps nior<i universa.l t.luui an 
other hobby, so far as the amateur is concerned. The applications ot modern photo; 

raphy are without number. . r i i f 

The most common field of photography is probably the mol ion-pnd un^ tiolcl. ha< 
week millions of persons in the United States obtain entmtaimiH'nt, edium.t ion, ai: 
emotion from motion pictures. The motion-picture industry is la.rg(\st 

this country, and it affects the lives of all of us to such an (^xtnnt tha.t littdo furth 

comment need be made on this subject. , 

Press photography is perhaps the next most important ficdcl ailmding the griiato 
number of persons. Not only is it possible for the press photograidun- t o supply 1; 
local paper with pictures of neighboring events but, b<'c.a,us(i of 11><‘ a.ssiHl,a,ne.o whn 
electrical science has rendered prcjss photography, it is also possibh' to l.ransn 
photographs over a telephone circuit to any two points bc'twoc'u n\- bieh 1 (d<‘idi<)ne (U>i 
nuinication exists. The publication of pictures of football guiuos \vhiU‘ t he game 
still in progress, ev(ui in c.ities far removed from that in wbitdi tlu' gaitu^ is playe 
has become so commonplace within tlu^ past several years as to oeemsion no ]>M,rtie.ul 
comment. Indeed, one now looks for pictures of important ev(‘n1s y(>ry shortly ait 
they have transpired, and tlie la,rge paper wbidi does not supply this stmvicu^ is lik< 

to be regarded as not bcung “up on its toes.” 

Altho\igh still employing other methods of pictorird pre.stm t a 1 ion, nuxleru adv« 
tising is using photography in increasing doses. Many exa,itiph‘s oi this tyire of coi 
mereial photography have high artistic, merit a.nd show much origiualil.N'. 

In other wa.ys phot()gra.phy is used in science, engiiHM'ring, uuMlieme, la\y, t'dvica.l.u 
a,lid other professions and trades for establisliing recorded dada, for making ohsiuu 
tions and securing more or less qviautita.tlvc data, tlian wouhl 1><‘ possilde thiou 
the use of the human eye only. X-ray photographs, for I'xa.mph', ary of iiu'st imal 
importance, not only in tlie nu'dical sciences wlu'rc tlu'v luul llu'ir first uppearan 
hut also in 'industria.l analysis for the <lctection of flaws and other dcfm-ls in nu't.i 
Infrared plates liave permitted taking photognvplis of ohji'cts invisihh' to t he hum 
eye. High-spc^cd photographs have apparently slowed down mot ion In <uial)le si ud 
t,o he made of fast-moving ohjoets. In astronomy practically all iircscmI-day worl 
accomplished through the aid of iihotography, tlie astrononu'r si'hlom looking throe 
the telescope for purposes of observation. Photographs taken in tlu« sl ratxisplu 
with the aid of infra,rod phites, have shown the curva,tiir('. of 1 lu‘ earfh. T'hrough 
aid of aerial mapping, phot,ogra,phy is used to survey, quickly and acyura.t(dy, la 
areas which might 0 tlu 5 rwi.se not he surveyed h(5caus(5 of eost and ina.e<u5s.sihili 
Idiotoinicrography is important to the resiiarch workc5r in reeor<ling tlie ini<‘roseoi 
whether his field he Footls, textiles, metallurgy, nuslieim', biology, eheniistry, 
what not. 

Color photography is just beginning to make its n.ppt‘a ra.ii(-(5 in jira.et ic-al fo: 
Although color photography may be said to have Iia,d it,s origin in ISOl wit h the w 
of Maxwell, it is only Avithin the past few years that high-quality color motion pictii 
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have h(H‘n available. Color photography for the amateur is gradually approaching, 
for aln^atly it is possible for him to purchase color film and make his own trans- 
parencit'K. Makiixg prints in color from this color film or from color-separation nega¬ 
tives is .still such a complicated and costly process that relatively few amateurs 
have at t tniipted this field. But, in time, color processes will undoubtedly be developed 
into such a form that the average amateur can make complete use of color. Black- 
an<l-whit(' jirints may then be expected to be seen only in exceptional cases or where 
the \itmost ('couomy must be effected. 

In practically every phase of industry, photography is employed at the present 
tim(‘. It is impossilile to enumerate the various uses to which photography may be 
put, Imt perhaps enough has already been written to indicate its importance. What 
has b('<‘n accomplished in. the past provides a background by which we may make some 


J 


type of estimate of the developments yet to come. 

Elementary Photographic System in Monochrome.—All modern photographic 
processes (h'ixmd for their operation upon the photochemical action which takes 
phuM' \vh(m “ light ” strikes certain sensitized materials. In the vast majority of cases 
which an* rcf(U‘red to as photographic processes, the photosensitized material consists 
of a thin lay(>r or emulsion of a silver halide deposited on a transparent supporting 
biiw* of glass, nitro(M>llulosc gelatin, or paper. A photochemical change occurs in the 
silver halid(* grains whi<*,h are exposed to light, although the exact nature of this 
altt'ratioii has not y(*t Vieon entirely satisfactorily explained. Exposure of the grains 
of the silver halide produces a “latent image” of the object focused on the photo¬ 
graphic material by a hms system. With the proper chemical processing operations, 
the exposed grains of silvei- salt arc changed to metallic silver, and the unexposed 
grams arc dissolved out of the emulsion. Since the silver grains are opaque when 
vicw<'<l 1)V t rausmittod light, the light portions of the original image become i^rk, 
nml flic dark imrtions of the original object become more or less transparent. Thus 
it he light and dark port ions of the original object have been reversed, and for this 
flroason the comhination of the developed silver grains on their support of glass or 


gelatin is known as a. nl^gatlve. 

If %ve now us(* this negative, in coujunetion with a light source, as a new image 
and go through anotlu*r similar photographic, process, we can obtain on a glass plate 
gelatin him, or. mon* usually, a paper base, another image. However this second 
,;„ag<* will !.<• rev<*rs<‘d it, intonsity from that of the first negative; it will be a negative 
,.f a negal ivi*. and will 1 hereforo show bright and dark areas m monochrome in accor - 


riiHM' with <)njjijiiu\.l i nn’krx 

'I’his is the es.sence of the more common black-and-white photography. The 

1 of the vu-iouH opera,tions will be dealt with in subsequent chapters of this 

i.ook,' hut a l.rici- iut roilmdion of the essential operations will be 

p, pn.vidc a c.*rtain ih'gree of unity and coherence which could not otherw s 

lined in 'I rch'riMice volume such a,s this handbook. , . u • + Kr. 

.. . , To :u-uuw U„. ,>hol.o«n,.pl,fe light ^uree tvh.ch is to be 

pro, In..,, so...,- .-..aialion u, . . . 

. . AM nvjiMil nialoruils are inost seiibitive in tn 

'n.tl''Vh'rs™"iUve.>3dLr^^^^^ through the complete visual 

i'hs, ,h,. y.-llovv p..rtio,.» hut are .nsens.Uve ^ t » oiung portions of the visible spec- 

..I run,. I-auehromatie '~*t<^tuil» are sens, ive to all porti^^^ ^ 

I.I..II l.i.t si ill ..re mo". snnsil.ve to the '''"f * ^ with panchromatic 

... ,.,„„.,.rne<l, almost any source of visible light can be usea iv 
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materials. Since incandescent light sources have the predominance of their tmergy 
in the red region, the exposure time required with such a source may be greater with 
orthochromatic materials than with panchromatic materials. With color-blind mate¬ 
rials and incandescent lamps, the exposure time will be still further increased. When 
using orthonon emulsions it may he desirable to use a light source having a la.rge 
portion of its energy in the blue end of the visible spectrum. This may b(i ncrxnv- 
plished by using mercury-arc lamps. 

Photography by Reflected Light .—Although the source of light j)r()vides the radiant 
energy which actuates the photosensitive material, it is not the image of the light 
source which it is usually desired to record photographically. It is almost the universal 
procedure, except in special branches of photography, to record tlie image of sonit! 
object which is illumiiiated by the light source. The light reflected fi'OTu the subje<‘t 
and falling on the photographic sensitized material produces the latent image. Sima: 
this is usually the case, the reflection characteristics of the subject to be photographe<l 
are just as important as the spectral chai'acteristics of the light source or the photo¬ 
graphic material. 

All materials behave witli respect to light in three distiru't ways: they may refic'ct, 
absorb, or transmit light. There are no perfect absorbing, reflecting, or transmitting 
mediums, and, in general, all three characteristics take place at the same time and 
under the saitie conditions. A given medium, however, may sliow one of these tl»r<‘e 
properties to a v(;ry large extent and the other properties to a very small extcait. 
Consequently we refer to tlie medium in terms of the characteristic which it exhibits 
predom inately. 

The refl(K‘ta,nce of a surface depends upon the nature of its surface as r<‘gard.s 
smoothness and polish, its color, and even the type and relative position of t he liglit 
source with which it is us<k1. A nonsehu'.tive reflecting surface is omi which change's 
t he direction of tlu' light rays of all wavelengths ix'aching it instead of a,bsorl)ing t ln'in. 
A colorc'd reflecting surface is one in whicli the aanonnt of n'flc'ction is not. uniform 
throughout tlie visible spe(drum. A blue surface reflecds bhu' light and shows mon' or 
less absorption in the other portions of tlie visible spectrum; a. purple surfa.ee shows 
n'latively high absorption in the yellow region and comparatively large refli'ct ion ini lu' 
blue a,nd red eruls of t.he visible spectrum. 

JjenH and Focin^ing jSyf^tein .—In order that the illuminati'd subject ma,y form a 
pla.ne, two-dinu'iisional image on tlie photographic film it is neci'ssary t luit. the out lim*, 
contrast., surfa.ee configurations, and other visual characteristics of t.lu' rea.l subje<'t lie 
represented xu’operly on the iihotosensitive material. This requires t he use' of a. h'lis 
a.nd focusing system of which the primary j:)uri)ose is to focus t he suliject propc'rly 
on t-lie {>hotosensitive inate'rial. The degree to whicli the lat.c'iit. image' is pre>dne‘('d 
is directly proport ional te) the amount of light falling uj^ion the' plmtosemsil ive' ma.t e'rial 
aiiel t.lu' length of tiniei eif exiiosnre. Thered'ore, if more light can Ix' t ransm il l <'el 
t.hremgh the leuis and can be niaelei to fall on the plate, a sluirter eixiieisure will sullice' 
to proeluea; a given xiheil.ographic effect. 

The e)i)tic.al systeuu of tlie: eiamera depends to a large: extemt uxiem the type* of 
phe)te)gra.i)hy whicli is to lie acconiplislieel. For astreinomie'al » 'o'' 

e'xa iiijilei, t he: h'lis system would he; a tedeiseiojie; feir sjieied.roseopie; pheiteigrajihy a pri.srn 
or grating feirms an imiiortant part of the optieal syste-m; for })h()t()mie‘rogra,i)hy a. 
mieu'oscope; is eisseutial; wheireas for ordinary amateur photography, a single lens not 
highly corrected may sutlice. For most types of photographie wmrlc, the lens syst.e'in 
should have certain particular characteristics and attributes, which will be eliseusseiel 
in greater detail in Chap. II but which will be mentioned here. 

Tn geineral, what is desired in most photographic applications is that the image; on 
the iihotosensitive plate bo an accurate two-dimensional reproduction of the thre'e- 



OUTLINE OF PHOTOGRAPHY 


dimensional subject as might be seen with one eye of the observer were it placed at 
the same iiositiou as the Ciunera lens. 

Briefly, it may Ixi said that pliotographic lens systems differ from other lens sys¬ 
tems in that thc'y (‘.over a- wide angh^ of vi(^w. Telescopes, microscopes, and other 
objectives cover a field of view of perhajis o or 10'^. A photographic lens system* 
usually coAUU's a ficdd of view of 45 to 60'^; in wide-angle photography the field of view 
may extend to 90 or ISo"^, ivnd a.n (extreme ease has V>eon recorded in which the field 
of view was as gr(*at as 180*^. Throughout, t-his large range of view, the lens system 
must be properly (‘orre<‘te<l for all forms of distortion, and all specdral colors must be in 
hxais on t.ln^ same plains siinulta.n<H)usly. Mor(X)ver, provision iriust bo made for 
focusing the imagi^ on the photographic* plate, although, in tlu^ simphn’and less expen¬ 
sive* (‘ain(M*as for ani;it(*ur us<*, th(* k*iis is fixed on<a> and for all to take pictures witli 
r<*a,sonal)l<* sharpn<\ss of Focus From infinity to some distaiuie (usually between 6 and 
20 ft.) uea.r tlu* caam^ra.. 

aS 7////./er,— Tlu^ shut ter in (ainu'ra.s consists of a.n a.p(*rtur(^ of some sort through 
wlu(*h light from th(* image* a,ml l<*ns pass(*s on its wa,y to tlu^ pliotographic plate. 
d''h(* fun(*ti<)u of tlu* slmtler is to a,<vt as a liglit (*ho{)per, i.c., to opcni for a length of 
liim^ suffi<u(*ut to p(*rmit a. d(dinit.(‘ quantlt-y of ligfvt io fall upon the phite, thereby 
producing u hit(*nt iiuag<*. Tin* nniount, of time during whicdi tin* shutter is open an<l 
p(*rniits t h(* ])assag<* of light to th(' film <l<*i)<*n(ls ujnm the* intrinsic brightness of th(! 
ilhmuimt<*d subj(*<*t, tlu* s|)(*c*(lof th<^ l(*ns system, wh(*th(a* or not thcu*e is motion 
taking i)hic(* in llu* subj(‘(*t b(*ing jihot<)graph(*d, and, if so, the sj)(*e(l of theol)je(*4, 
th(* distance of ih(* ol)j(*(‘t from tlu* l(*ns, and tlu^ (Ur(*(dion of r(*lativ(* motion with 
n*sp(*<*t to the h*ns, as wdl as uf)on t lu* sp(*(*(l or s(*nsil i\diy of Mu* [7liot,<)S(msil iv(' rna,te- 
riah dlu* (*xi)osur(* is d(dinil(*l\* associat<*d with the ‘7sp<*(Ml ” of the bans, the inta-insi<^ 
l)rightn(*ss of the ilhimina ((*(1 subj(*ct, and tlu* duration of tinu* for \vhi<di tlu* op(ai 
slui 11 <'r p(*n n i t s light to pass I h rough Mu* h*ns to tlu* photogra pliie pla to. 

Mirious ty[>es of stuitt(*rs ar(* nna.d(' at (la* |)n*s(*n( time, and ('a.ch of thes(* lias its 
own p('culiar cl\ara(‘( (mIsI i<’S, ad vantage's, and <lisa,dvant:i.g<*s. ^riu*r(* is no single*, 
shutt(*r which, un(l<*r all conditions, will provide* id(*al light-chopping ('onditions. 
'[''iu*r(‘ror(*, iiiuh'i* ci'rtain (‘ircumsia ma^s, distortion of tlu* phot()gra,plu*<l image* will h<^ 
a pi>a r(m t, or va rious [)or( ions of ( lu* phot ogra phie pla i <* wilt not Ix* uniformly (*xp()s<ai, 
ih(*r('hy |)!*oducing distortion hy improixT r(*ndition of toix* valu(*s, 

l^holtx/rd p/iir M'V\\v most, ittiport a nt, (M)m]>on(*nt of the (*nt ir(^ 

photogra]>hic j)r()e<‘ss, and tin* oiu* wlTudi aloiu* maki's |)lu)t,<)gra,phy jiossihle, is tlu^ 
s(‘nsit i v(* pla I <* or film; a 11 ot lua* (*< |u it)nu*i\ t, no tnal 1 (*r how us(*f\il, is supplenu*n t a ry and 
of no a\'ait without tlu* photographically s(*nsiliv<* mat(*rial. Tlu* cha-ra,<d (*risti(*s of 
phot ogra ph i(‘ s(*nsitiv<* niat<*rials will !x* discuss(*<l in gr<*al<*r d<*t,ail in Ohap. VI. 
If triu* tonal n*iulilion is to lx* a<*hi<‘\’(*<l in mom)clu*omat ic photograph;^', 1 h<* a.inount. 
of siU'cr d(*posil on (lu* n<*gati\(* should lx* (*\a<*tly proportional to tlu* in(<*nsit,\' of 
dluminaiion of tlu* suhj(*(d l)<*ing photograplu*d. ddu* l)right,n(*ss rang<* of most 
ordinary sul>j(*<*ts is not usually p;i’(*at(*r than 100 to 1 aiul this rang(* can g(*n(*ra,lly 
ac('oin tnoda 1 (*t 1 1 > v a \‘(‘rage phot ()g!'aphie iu*ga t iv(* ma t (*ria Is. W luaa* t lu* sil v(*r d(*posit. 
of tlu* ru'galixa* is not propoiiioufd to tlu* illumination int(*nsi(y of ilu^ subje(*t b<*ing 
phot ogra pi u‘d, soint‘ tonal distortion will ociair. distortion may also ta,k(* 

plac(* ill printing tlu* ])ap(*r posit iv(* from tlu* n(*gativ<*, so lhati for a,<a*ura-t<* t,oiu* 
i'(‘prodnc t ion both llu* iu*gati\'(* and tlu* jirinl must, havt^ f lu*ir (^xj)osur<* fa,(dors tinuxl 
(ot lu*r fa (‘t ors als<) <‘n t (‘r i n t o t lu* in a 11 (‘i’ bu t will lx* (lis<aiss(*d in d(*l a,i 1 la,t (U’) ])r() jx*rly to 
jinxluci* a final n*sult (print ) haxdng tlu* sami* hiininous visual int,<*nsity va,ria,tions a,s 
tlu^ original subj(‘(*t. 

(Uinictxt (IS (ifi I nl('{p'(tt('(l rnil. ddu* canu*ra, sliowti dia.gra.mma ti(‘ally in Mg. 1 is 
th(* <l(*\’ic<‘ \v)ii(*li contains tlu* vai’ious <*ss(*ntial nu*(*hani(‘al and optical el{*mont,s for 
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making the negative. Essentially it is a lighttight box holding the negative film or 
plates upon which the image is impressed. At the other end of the lighttight box 
is the lens and focusing system. The shutter may be before, behind, or between th(' 
elements of a complicated lens system, or in focal-plane shutters it may be immediately 
next to the photosensitive material. In addition to these essential elements, the 
camera is provided with a variety of semiessential and highly convenient featiire.s and 
adjustments. These include focusing rack and pinion arrangements; methods of 
aligning or misaligning the lens, with respect to the plate, for producitxg or eliminating 
certain distortions; a ground glass or optical focusing system; provisions for deter¬ 
mining the angle of view to which the film will respond; methods for quickly (dmiiging 
from one plate to another; screwheads for attaching to tripod supports, view finders, 
range finders, etc. 

The various types of work which are attempted make it desirable to put emphasis 
on certain features, perhaps at the expense of other features, for specialized branches 
of photography. For this reason a wide variety of cameras of different construction 



is available;. Eacli of these has its own field of maximum utility, hut no singh' type; 
of caimu-a is idc^ally suited to all types of photography. Large studio-tyix' ea,n\era.s 
with a. wide variedy of M,djustm(mts which can bo ixiade quickly and convxmiently an^ 
frexpiontly used when large prints of high detail are required. But th(\s(^ cameras are 
bulky. Tlie miniature eaimu-a. which has become so popuhiT witliin tin* ])a,sf. (h'cado 
is admirably adapted to rapid-fire picture taking, is eminently suited to candid 
photography. Its negatives are subject to deleterious eff<>(ds of graiix, scratches, 
a.n<l otlua- negative inqxvfecd.ions, as the print must be enla.rg('d tube useful. Minia- 
taire caaneras do not hnv(‘ adjustments for eliminating angular or perspect ive distor¬ 
tion. For photography in whicji a,ction phiys a largo part, tlio reflex type of cainera is 
very popular since it cnalxles the operator to view the subject up to the moment, of 
taking t,h(> picture, and to center properly the most important acd.ion. Th<x foca.1- 
])lan(' shutt.(U's of these refic^x cameras are suffichmtly fast to stop motion where a, 
b<‘t,W(xm-the-lens shutter could not be uscal sat.isfaxdorily. 

Developing and Fixing .—After tlu? negativx^ material has Vxuui (^xposixl and the 
lat.cmt image! is impress(Ml on it, it be<!omes necessary to develop and fix the negative! 
be‘fe>re! it c.a.n bo useiel to provide a print. The developing proceiss is oixo in whie*h 
l lie! silveir halide grains which were exposed to light are redueenl to metallic! silveir, the 
ju-oe-evss being carried on in the dark to prevent further exposure e)r fogging of the 
negative ma(e!rial. The fixing process dissolves out the undeveloped silver halide 
grains and leaves the metallic silver unaffected. The fixed negative must be washed 
to free it from the fixing solution, as otherwise the negative may turn yellow or brown 
with aging. 



OUTLINE OF PHOTOQRAPUY 


7 


Printing .final operation is that of making the print by enlarging or contact 
prirxting. Like the negative, the exposed print must be developed, fixed, and washed. 

Motion-picture Photography ,—The differences between still- and motion-picture 
photography are diffidences of degree rather than differences of fundamental opera¬ 
tion. The same fundamcTitals are nectvssary, viz., illumination, lens, camera, sensitive 
material, and chemical operations of developing, fixing, and printing. One difference is 
t hat the individual pictures made arc very small compared to tliose usually employed 
in still photography. Ilut many rninia.ture cameras make negatives which are only 
slightly larger than motion-pictun^ fratnos. The child difference betwi^en still- and 
motion-picture photography is that in motion-picture work nurnerous frames arc 
('xposed one after the otlier in rapid succession. One common practice is to make 
24 exposures per second. 

Th(i prints, which are made on transparent film instead of on paper are viewed 
by projection upon a screen. When these frames are properly proji^cted upon a screen 
in rapid succi'ssion the photographed subject appears to l)e in motion. Because of 
t he physiologi<*al fa.ctor known as the persistance of vision, tlie human eye does not 
perceive t'ach individual frame separately as such and is imaware that the motion 
picture is made uj) of many discrete franu's, none of which record any appreciable 
motion. Tlie film is projected intermittently, and flic.ker, due to the stop-start 
motion of the film through the projtiction camera, must be overcome. This is accom¬ 
plished by i>roj(M‘t ing a, fairly large number of frames per second (usually 24) and by 
proji'cting <‘ach franu' twic<^ by momcmtarily cut ting off the, light in the middle of the 
pm-io<l for whi<-h an individual frame is in the light Ixaun. 

Amati'ur motion-pietiiri's canu'ras (unploy Ifi- or H-nun. film; ])rofessional machines 
use .‘l.a-mm. film. Soitu* S-mm. j)ictur(>s are made' hy using IB-mm. film which is 
capable' of n'cording two images si<l<' hy side if the film is properly run through the 
camera twice'. In proci'ssing this film tlu' two halvc^s a.re slit apart and the ends 
joiiu'd. 

Photography in Colors. - In color jjhotngraphy, a. sul)j('ct is i)liot.ographed, in 
<'ff('ct, tlin'c times, each m'gativi' produci'il being nuide hy ('xposun^ througli a filter 
whi<'h passi's approximately one-t liird of I h<' visihhi spe(d,rum. II positive prints 
from th('S(' thr('(' m'gatives arc' propc'rly dycal or ot herwises colorcal a.nd arc: planed in 
sup<'ri)osit icm, a, colorc'd image' will re-siill. This print will elose'ly re'se'inhh^ t he^ original 
suhjc'ct in form, c'ontrast, and in color. 

He'd, grc'C'D, and hlue'-vioh't filte'rs are' used to divide'! the', visible siK'e'truin itd.o 
ihre'C' parts for making the' (hre'e* ru'galive's. The' m'gatives take'ii with the' real filteu- 
con I .'litis eh'iisitic's which a re' pre)|)ort ional to t he' amount, of re'd iire'se'ni. in t,h<! original 
.sidije'cl. ;inel whie-h are' passe'd liy the' re'd filte>r. Wa.vc'le'ngt hs corre'Sponeliiig to blue- 
\iole't and gre'c'n are' not. pa.sse'el h,\- the' rc'd lilte'r but, are' juusse'd on to the n<'ga,tive'S 
e'xpose'd he'hinel the' blue'-vioh't ami gre'en filte'rs, r<'sp<'e'tivc'ly. ddie' proce'ssof ma.king 
ne'gati\'e's from liglil corre'sponeling to only a port ion of t he visilile spea't.rum is known 
as “se'parat ion,” and the' lu'gative'S are' known as sepa,ra.tiem ne'gativ<\s. It. is fpiit.c 
likc'ly that four or more' divisions of the' spe'eetrnm eamld he made! with the possibility 
of gre'a t e-r fieh'lil y in color of t he- final re'snlt, hut t his has not hea'ii found to lie' noe-essary. 

At lhe> pre'se'iit time t hewe' are' two ge'ue'ral ine'tliods of eailor photography, the' 
additive! and the* suhl racl ive' lue'thoels. Both of them are' hase-el on the funda,in('ntn.l 
iie'e'e!.ssit y of making color-se'para t ion lU'ga t i\'e's. 

In tin' adelit i vt'-eolor proe-e'.ss the' .sc'pa rat ion ne'gative'S may he! made' as outlineal 
above'. Blae-k-anel-white' prints made from the'se ne'gative'S on t ra,nspa.re'nt mal,oria,l 
(films or plate's) may l>e phice'd in Ihre'C' proje'e-t ion lante'rns and proje'e-h'd upon a, 
scre'e'n, c'ae'h image' hc'ing ae'ciirate'l\' re'gistC're'el with the! othc'i’S. 1 he! positive! piint, 
made' from tlie* re'd-filte'f negative! is proje'e-tc'd through the' re'd lilte'r; tli(! positive made 
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from the green-filter negative is projected through the green filter; and, finally, the 
blue-violet-filter positive is projected through the blue-violet filter. 

Since the red-filter positive will be transparent where there was red in the subject, 
the red beam of the lantern will get through the positive and be projected upon the 
screen. Since, however, no green or blue-violet got through the red filter, these parts 
of the scene will be represented on the red-filter positive by dense deposits of silver, 
and none of the red lantern beam will get to the screen. Similarly, the green and 
blue-violet portions of the subject will be projected upon the screen by the appro¬ 
priate lanterns. 

Present-day color films and plates (except Kodachrome) are based on the additive' 
principle. Between the support and the photosensitive material is placed a myriad 
of small blue, red, and green filters arranged in a regular or a heterogeneous patt(u-n. 
The film or plate is exposed with the support side of the structure next to the lens, 
so that the rays of light reflected from the subject must go through the support and 
the myriad of filters. Light from a red portion of the subject will get through the 
red filters and expose the sensitive grains immediately behind the small red filttn-s. 
Similarly the blue and green portions of the subject are recorded behind their (miTCi- 
sponding filters. The material is now developed as a negative. The portions repre¬ 
senting color in the original subject are deposits of silver and are more or less opaque. 
The negative is then bleached which removes these silver deposits and renders th<' 
negative transparent in the regions where there was light of the approxrriate (X)lor in 
the subject. Next, the film is exposed to white light and developed again. In this 
process the silver halides, not exposed by the reflected light from the subjenh. and 
representing portions of the subject which reflected no light, are rendered oi>nque. 

If, therefore, there were no filters in the material, the plate or film would look like 
any other positive transparency. The small filters, however, are i\ot dt^stroyed by 
the processing, and liglit must pass through them before passing through tlu' traiis- 
I^arent x>ortion of the positive which represent colored portions of the original subject . 

In the subtractive proc.ess black-and-white positive prints are made from ea(di 
of the separation negatives. The opacity of each part of these positive's is inv('rs<'ly 
proportional to the light reflected from portions of the subject in which tluu-e was 
color ol the wavelengths transmitted by the filter through which the corres]>ouding 
negative was made. A heavy silver deposit on the red-filter positive rcpres(m(a a 
portion of the sid)ject in which there was very little red. Lookcul at in another way, 
this heavy silver deposit represents a portion of the subject in which there was cf)n- 
siderable non red. Since white light minus red appears blue-green to tlui <\ye, the 
nonred portions of the ijositive are colored nonred (blue-green.) By any oiu' of 
several processes, therefore, the silver deposits in the positiv(is a,r(^ dyt'd in (colors 
comphunentary to those of the filters through which the negatives wen* imidcu 

Thus the blue-violet-filter positive is colored yellow; the r(id-filter xiositiv<' is 
colored blue-green (cyan); and the greem-filter positive is colored magenta,. Wlu'ii 
these three positives are superimposed and viewed by transmitted light or by light 
refleeded from a white supi^ort placed under the three supei’posed positiv(;s (x^api'i- 
print), a colored image of the subject appears. 

The essential difference between the additive and the subtractive jirocessc's is tlu^ 
use of (iolored light for viewing the additive positives (either from a lantern in {jrojec- 
tion or from the multitudinous filters which are part of the color material) and the 
use of white light for viewing the subtractive prints. In the additive processes tln^ 
final result is made up by the addition of the individual contributions of the s(*veral 
colored images to an unilluminated screen. In the subtractive process, the purposes 
of the blue-green positive (made from the red-record negative) is to subtract from 
the white light, by which the result is viewed, the wavelengths that did not (^xist in 
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ttie subject. Tims the blue-green positive sulitracts blue-green or nonred from the 
white light. Since white light may be made up of blue-green and its complementary 
red, the result of subtracting blue-green from a white screen is the same as adding, 
red to an unilluminated screen. Similarly the magenta positive subtracts nongreen 
from the white light; yellow subtracts nonhlue-violet from the white light. 

In the final subtractive print, red portions of the subject are represented by yellow 
and magenta superpos(‘d; lilue is repres(mted by blue-green and magenta; and green 
is represented by hlue-greim and yellow superposed. Where there was no color in 
the subject, there is no d(‘posit of color on the final print and thus the white light by 
which ih result is viewed passes through th(‘ positives unobstructed. Where there 
was black in the' suhji'ct, ail three colors ar(^ superposed in the final print and therefore 
the ivsult is \vhil(^ light minus magenta, blue-green, and yellow. Since the wave¬ 
lengths rt'pr(‘scnt(‘d by tlu'sc liirt'c colors cov(n' the (uitire visible spectrum, all wave- 
hmgihs to which the ey(^ is sensitive ani subtracted, and none of the white light is 
rcflc(‘l(‘il or tra.nsmiti(‘d to ih m. This portion of the image appears black in 
consiHiumice. 

kSiiKv tlunn is al\va,ys sonu', color in an additive picture but since there may be no 
color in portions of t hi' sul)tra,ctive print,, the latter is t)righter ;ind more contrasty. 

Unlike t li(‘ additive material in wliicli many small filters arc a part of the material, 
Kodaclireme is a color film in which t he colors conic about in another way. Koda- 
clironu' is a subtraclivi' inateriah It is made up of tlimc distimd', layers of color 
mab'rial eaoli substantially smisitivi^ to only a, portion of \k\ spi'cti’iim. As a part of 
the processing of th(‘ film tli(‘s(' hiycrs aiv dycal in (olors compleimmtaiy to the colors 
Ihev reconh'd whmi I he exposiiio was made. 
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THE OPTICS OF PHOTOGRAPHIC LENSES 

By R. Kingslake 

The Nature and Properties of Light. —In spite of the enormous amount of theo¬ 
retical and experimental work that has been done on light, its real nature still remains 
a mystery. The original corpuscular theoi-y of Newton (1643—1727), in wliieh light 
was supposed to consist of a hail of small discrete particles, was abandoned in favor 
of the wave theory of Huygens (1629-1695), Young (1773-1829), and Fresnel (1788- 
1827) because it did not adequately explain the phenomena of polarization, inter¬ 
ference, and diffraction. The physical nature of the light waves postulated by 
Huygens was hotly debattal during the nineteenth century, the matter i-eaching it.s 

climax in Maxwell’s electromagnetic theory of light (1873). 
Even this cdaborate and comprehensive theory could not explain 
certain aspects of the photoelectric effect or of the observed 
spectral distribution in the radiation from a hot body; an attempt 
\\ to explain these phenomena led Planck (1900) to develop his 

1 0 quantum theory, which is a very elaborated form of corpustailar 

1<X iN theory. At the proseuit time, we have the two incompatibh' 

theoric^s of light (electromagnetic waves and discrete! ciuanta) 
\ill use together, the i^hysicist (choosing to adopt whichever thc'ory 
b(^st fits his experimental conditions. 

Fortunately, in discussing lens action wo nccHi consid(u- only 
\a\^\ fhe simple wave theory of light, witliout even inquiring ird.o 
\\\a\ ^ nature of the hypothetical medium throjugh whitdi the waves 

propagated. Wo call this medium the (dber, and wo adopt 
^ ' I j Hio simple Huygenian assumption that the wave front is 

Vyi propagated by means of wavelets which start froiti every point. 
Fig. 1.- -Prog- on a wave front, their common envelope constituting the lu'w 
ress of a wave by wave front. In Fig. 1 the full line IT represeid.s a wavti front at 
means of wavelets. given instant, the wavelets starting oxit fi'om a number of 

points are shown, together with the new wave front IT' at a later time. 

The velocity of light (c) is very high, being about 3 X lOO' cm. per sec. in vacuum, 
but light travels slower in passing through inattcr. ' The ratio of the velocity of light 

Tabi.e 1.— Some TycigaIj Approximate Refr.ictivb Tnok^es 


SiibHtiince 


Carbon diaulpliidei 


Index 

Substance 

Index 

1.33 

Fluorite. 

1.43 

1.35 

Quartz. 

1.54 

1.45 

Crown . 

1.4(>-l. 5;< 

1,63 

Flint glass. 

1.53-1. (55 

1,65 

Dense flint glass. 

1. (56-1.92 

1.74 

Diamond. 

2.42 
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5*1 vacuum to its vc^locity in a transparent material is called the “refractive index” 
of tlie material {sox', page 12). In practice, however, the refractive index is taken as 
iming t he rat io of the velocity of light in air to that in the material, since practically 
all lenses arc used in air and the refractive index of the material relative to air is the 
rc'ally signifi(*a.nt figure. The refractive index of air relative to vacuum is* about 
I .(X>028. Sotm^ otlun- t^'pical refractive indices are given in Table I. 

Since liglit consists ot waves of some kind, there must be a wavelength (X), which 
iw t he distaiK'ci trom crest; to crest measured along the direction in which the light is 
truveling; and tlu're must l>e a definite frequency {v) or number of waves passing a 
f^iven point in a sta'ond. Furthermore, if c is the velocity of light, then these quan¬ 
ta ti<'s ar<^ related by 

c = Xv (1) 


It is found that the velocity c is about 3 X 10^" cm. per sec., or 186,000 miles per sec., 
for light of all colors in air, V)ut it is also found that light of any one pure spectral 
<‘c>lor has a definite^ rnapumey v and hence a definite wavelength X in air. For light 
which is visible to the eye, th(\se frequencies are very high, and the wavelengths are 
vory short . Ijight wav(‘s too short to be seen are called ultraviolet and will affect a 
photographic (‘inulsion or a photoelectric cell; light waves too long to be visible are 
iurlh'd infran'd, of which th(‘ shorter infrared waves up to X = 0.0012 mm. can be 
photograplu'd by means of spe(*ial infrared-sensitive emulsions. 

In ’'ruble 11 ar<' givt'ii the approximate limits of the regions in the spectrum which 
}i})i)t‘ar to liav(‘ thc^ colors sta.t('d, hid. it should Vje remembered that color is a physio¬ 
logical or a psychological jihenomenon and that the colors of natural objects are 

m*v(‘r pure spec! ral colors lad always more or less broad bands or mixtures of various 
pure colors. While light consists of a mixtui'c of all the colors of the spectrum. 


''I'.MmK II. W.WELENCiTH AND FREQUENCY LIMITS OF COLORS 

IN THE Visible Spectrum 


(‘olor in (lio .sp<Mit.rum 

Frequency limits, 
per sec. 

Wavelength limits 
(in air), microns 


Below 4.0 X ion 

Greater than 0.75 

H,ol . 

4.0-4.8 

0.75-0.63 


4,8-5.0 

0.63-0.60 


6.0-5.2 

0.60-0.58 


5.2-5.9 

0,58-0.51 

[^1^,,. . 

5.9-6.5 

0,61-0.46 

.. . . 

(>.5-7.5 

0.46-0.40 


Over 7.5 

Below 0.40 





In the above tabh', th(‘ vvavi'lcngtli limits are given in microns. The micron 
< writ ten /i) is (apial to om'-t housa.iKlth of a millimeter. Wavelengths are often 
«.xpressed in terms of angstrom units (lA = U)-* m = mm.) or sometimes m 

tnillimierons (mg). t'or exan>ph‘, the wavehmgth of monochromatic sodium light 
IS \ or oSU 3 mg or 0.5863 g or 0.0005893 mm. This length is approximately 


' Since t he v.ho.-it V i.f light, is l<>ss in glass than in air, it follows that the light waves 
will la.e.une closer together in ghiss, as indicated schematically m_Fig. 2 and hence 
th(> wavelength is naluced in gla.ss to the same extent as the velocity. On emerging 
into air again, l.oth the velocity and the wavelength resume their original values. 
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Polarized Light. —In ordinary light, the waves are vibrating in every dircudion, ))ut 
it has been known for a long time that light reflected off the surface of glass at the 
correct angle’- is vibrating in only one plane. Such a light is called pola.ri:^cd light, 
and has a number of interesting properties. For example, if polarized light vibrating 
in a horizontal plane is allowed to fall upon a vertical plate of glass at tlu^ polarizing 
angle, the whole of the light will be transmitte'il, and none of it will be roflectod. Ibis 
latter case is of great use in photography as a means of reducing the specular reflo(dion 

or “glare” from polished surfaces. 

In practice, light is polarized by nu'ans 
of Nicol prisms made of calcite, or by 
“Polaroid” filters. Polaroid is a, sluHit of 
plastic material contaiuiiig contain sub- 
microscopic crystals which transmit only 
those vibrations takingplace in one direction. 

Light Rays. —Since the new wav(' front 
formed by the Huygenian wnvc'hds is 
Fm. 2.—Passage of light waves parallel to the origiiml wave front, the 
through glass and air, showing change travel along lines whitdi (wery- 

perpendicnlar to the wave fronts 
themselves. These lines repn^scniting tin': 
light paths are called “rays,” and almost all our discussions of hms acd ion will be on 
the basis of these I'ays, oven though physically rays have no existcuice. Rays an^ 
the analogue of a railroa.d track, light quanta l)eing the trains, with the dil'fer(‘nce thsit 
tlie quanta are in some unknown way accompanied by light wav('s which si>r(^a,d out. 
on all sides of the ray and cause interference effects with tlic wa,v('s Ix'longiog to tin* 
neighboring rays. However, since the wavelength of the light is v('ry small, tlx'sc' 
interference effects cause, in general, oidy an unimportant finc^ st.ructun' within tlu^ 
light distribution ol)f.ainod on the assumption that each ray ca,rri('s its i)rop('r .slian^ 
of the total amount of light in the beam. We 
may tlierefore say, in geinvral, that wlunc many 
rays cross thtire is likedy to lie a strong concemtra- 
tion of light. 

The Law of Refraction. —When a train of light 
waves falls obliquely on the surface of .stq:)iiration 
l)etween two different mediums in which the 
spt'.ed of light is tlitt’(a‘cn\t, the parts of tht^ waves 
which cross the boundary will he acor'leratt'd or 
retanh'cl, causing the waves to take iip a lU'W 
(liroctioTi in the scianul medium (Fig. 3). 

Considering now the ray path, we find that it 

is bent at the surface as shown dotted in Fig. 3, ,, ., . 

, , , , , . , . bm. .i. The rclr.-K't ion ol light , 

trie wliole pliononienon being known a,s retrac¬ 
tion.” If the angles between the ray and the normal'^ on loft and right of (he sur¬ 
face ar(^, respcad.ively, i and i' and if the refractive: indices art^ siniilai-ly n and n', 
t iien it ean be shown that these qxrantities are related by the ofiutilion 

n sin i — n' sin i' {21 

vvliich is the well-known “law of refraction.” Tlie two parts of the i-ay and tin' normal 
all lie in one plane called the “plane of incidence.” It should Ix' noted that, Ix'cau.se 

^ This angle of iiieidencie ia such that its tangent is equal to the refractive index of tlie glass, 

“ The “noririal" is a line drawn perpendicular to the refracting surface at thrt point whcri^ the r ay 
strikes it. 
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of the syiiiniet ry of Eq. 2, the light may travel along a ray in either direction without 
changing the refraction conditions 

The Action of a Lens.—The action of a lens is ilhistrated in Fig. 4. If expanding 
light waves start out from a point source B and travel toward a lens, presently one 
point of the wave will meet the lens, say at a. Then from a to c the light will travel 
slowly, while the light from d, which later reaches the rim of the lens, will continue at 
its original speed. All the intermediate parts of the wave will travel through some 
air and some glass, so that by the time the light inside the lens has reached c, the light 
from d will have reaclKul e, and the emerging wave front will l)e ec as shown. This 
wave now proc<v'ds onward, and, if the wave happens to lie concave as shown, it will 
shrink to a “focus” at B'. We (um imagine an ideal lens in whi(!h the emerging wave 
will b(’ spherical, (amtered ahont a single point B', hut in practice, owing to the limita¬ 
tions imposed by tin' use of only spherical surfaces and by the limited availability of 
opti(ud glass types, the (unerging wave will gen<‘rally not be spherical and there will 



not Ix' a |)<“i-f('cl fo<-us at B'. In such a ease', \\n\ sa,y thn.t lt>e bans lias “aberrations,” 
tlie natuiH' of whicli will b(‘ discusscMl Ix'low. 

VV(“ may, if we wish, discuss the actiou of fhis lens by the ra,.\^ method by drawing 
th(' orthogonals (i)erpendicular lines) to the wa.ve fronts as in Mg. 4. Tlu'se rays a.re 
lher(‘ shown tlottcxl in, and i( is seim at once that for our “idiail” lens all the rays 
emt'rging from i( will cross at. B', wlu'n'as if (he 1<m»s has aberrations, some of the rays 
will miss B' and caus(‘ a eonfusiul patcli of ligiit a1 B' inst.ea,<l of a sharp focus. 

Lens Calculations, h'or reasons eonnecied \vi(h (In' inannla.cturing ])rocesses at 
presiaili iii us(‘, oidy spherical or plane r<4'i'a.c( ing surfa.ces are nstid in photographic 
letis(*s. Some a(t('m{)(s ar<‘ la'ing nunhi (.o employ asi)li(M-ica 1 surfa.ceH, hul. (liese are 
still (‘lit irely ('xpi'i'i rnent al. It- is a coin[)a.r!i t i vely simple matter t.o ca.leida,te the 
path of a light ra^' through a. lens s_\'st(‘m, if (lie radii of eurvatuixi ol (.he surijiees, 
the thicknesses of the successive h'lises, and (he ri'frac(ive indici'S of t.he glasses are 
all given. Th(‘ formulas by wliicli tlics(“ calculations an' ma<l(‘assuini' a, pa.r(.i<‘ula.rly 
sirujile form for (he spi'cial casi' of a. “paraxial” ray, which is a. ray lying vu'ry close 
to (lie optical axi.s’ of the lens. f'or such a ray, 11 .s, .s' art' (li<‘ distaiuass ot object and 
imag(‘, tec., I In> crossing poiiit<S of (be ray vvit 1 1 1 he axis) 1 rom a single reli'a.c(.ing surlaci* 
of radius r .si'paratiug two iiK'diums having refractive indicc'S n and n', then it. can be 
[irovu'd that, 


w 

.s' 


n 

,s 


-f 


(3) 


by ai)])lying (his formula succi'ssivcly to all the surfacr's in a- lens, the position ol (he 
final iinagi' of a given obj(‘cl point can be (hternuned. 

Tlic sign.s in (his (vpint ion an' ('orrc'ct if distances an' nu'asurcd outwa,rd from tlui 
p<il(' of the surfaci' as origin, and an* regarth'd as positive or n(‘ga(iv(' il to tin' right 
or left of tin* surface, respectively. 

1 "ikxi.-i" i.'^ <lefiiii*ti !i.s ttii" liiii' tliroiiKli tin* ('('iiti'i'M of curviitnre of nil tin* h'li.s .siirfiux'.s. 
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Focal Length of a Lens. —The above process is a very laborious one, and to simplify 
it Gauss, about 1841, devised his system of principal and focal points. These are 
defined as follows: In Fig. 5 is shown a general lens system of any internal construc¬ 
tion, such as a photographic objective, and a series of rays from a very distant axial 
object point is shown entering the left-hand end of the system. These will all 
emerge from the other end of the lens as a converging beam, as shown, and each ray 
will evidently possess an “equivalent refracting point” where the entering and emerg¬ 
ing portions of the ray intersect. The surface which joins up all these equivalent 



refracting points is called the “equivalent refracting surface” of the lens, and wlien^ 
this crosses the axis is the “second principal point” F 2 of the lens. Also, the point 
at which the innermost rays lying close to the axis cross the axis is called the “second 
focal point” Fa, the distance from Pg to being the focal length of the lens. If rays 
from a distant object point enter the lens at the right-hand end, there will be another 
principal point Pi and another focal point Pi, the distance between them being anotluM- 

focal length. It can be proved that, in any lens whatever, these two focal lengths 
are equal. ^ 

Combination of Two Lenses.—If two lenses of focal lengths /i and /a are us<ul 
together in succession, the focal length P of the combination will be given by 

i - i -i_ 1 d 

where d is the distance between the second principal point of the first lens and the 
first principal point of the second lens (Fig. 6). 


■fa 




Fici. 6.—A system composed of two separated lenses. 


It should be noted that it fi and f-z are both positive, f.e., convcix lenses, <h('n 
increasing their separation will lengthen the combined focal length. On the othm- 
hand, if a positive and a negative lens are separated, the focal length of the combina¬ 
tion IS shortened. In the case when d is equal to /i, the combined focal length is also 
and hence the presence of a second lens in the focal plane of the first lens does not 
afiect the focal length of the first lens. In the limiting case when d = /i -j- th<^ 

1 This statement is incorrect if the image and object happen to be situated in different mediums 

The eye and the oil-immeraion microscope objective «ire the only important system.s in which this 
occurs^ 
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I,^<.n> „„a tl... focal length is infinite. This ease represents the common 
ti'lcsfopc, (H- tlm .so-cnlknl afocal system. 

Distances of Object and Image. 

1. I< rom the Principal Points. If jj, p' are the distances of object and image, 
rfH{M>tMively, trom the first and second principal points of a lens and if / is the focal 
length, then 

i-i+i ■ fit 

V’ P 


2. /' rotti (he luteal Points. If x, x' are the distances of object and image, respec- 
tively, from the first a,nd second focal points of a lens, then 

xx' = —/2 (6] 


in holii these ecinations, ilistances measured to the left of their respective focal or 
principal [minis must Ix' ri'garded as negative and distances to the right as positive. 

Calculation of the Focusing Scale for a Camera.—If the focal length of a camera 
lens \sj\ \\c may use the formida xx' = —p to calculate the positions of the divisions 
on a fo<-nsing scab'. For if .r is the distance from the object to the first focal point 6f 

P 

the lens, t ti<‘ (list a nee of t he oliject from the lens is (/ — x), and x' = —— is the distance 

to he ni.arked olT from tla’^ oo mark on the focusing scale. Remember that the sign 
of ./■ will lio negativ(‘ if t he object, is to the left of the lens, with the light going from 
left to right. 'This [iroei'dure a.pt)lies only in the case of cameras in which the entire 
lens is moved linek and forth t,o focus it. In some recent cameras only the front 
clement of the leas is a<lja.st<‘d for focusing, and in these cases the correct focusing 
.Heale nmsi hi' deti'iniiiu'd hy eomputation or by direct trial and error. On account 
of tlie variation in the aberrations ca.used by this method of focusing, the trial-and- 
error method of eoastruet ing a focusing scale is probably the most satisfactory. The 
advantages id' moving only the front lens are (1) greater rigidity is possible in the 
eamerii if no sliding front, has to bo provided and, (2) a very small longitudinal move¬ 
ment of till' front lens often [)ro(luees a very large movement of the final image on the 
ph'iti'. 

The Thin Len.s. If a h'us is extremely thin, its two principal points fall together 
\sifhin the h'lis, and we I'an then nu>a,sur(i all our distances from the thin lens instead 
ol irom one or ot her id’ t he principal [mints. This is often a great assistance in making 
nppiDMtii.’it e lens ealeulations or measurements. 

Concave Lenses. Coneave li'iiscs fit into the scheme outlined above for convex 
lensi's. pioviiied we remi'MilxM' that the focal points are interchanged in position (Fig. 



Pi(i. 7. Focal Mud principal points of a concave lens. 


71 will, .. -.mvov Im.s, This affects the use of the formula irit' - 

... ,1„. ... of Ol.iect ..ml '.iriaKe from their respective focal points, ao 

use ll,i,s e,|,ml ini, will, ... Icus, if the light travels from left to ^ 

ll„. ,li«l«nce from llie ohjcci to tlie first focal point (on the right) and a: is the distance 
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from the image to the second focal point (on the left). The two principal points 
fall within the lens as usual, and the focal length is now negative. 

The Size of the Image. —The size of an image can be obtained at once if it is 
remembered that any ray entering toward the first principal point of a lens leaves from 
the second principal point at the same slope as it enters (Fig. 8). Thus, if an objecit 
subtends an angle 6 at the first principal point of a leias, the image will subtend the 

-- same angle d at the second principal point. 

\ ^Therefore, if p, p' represent the distan(!(\s of the 

, I _object and image from the two principal points, 

^2 f respectively, the magnific^ation will lie given 

/ by 



Fig. 8 .—Equal slope property of 
the principal points. In this dia¬ 
gram 01 = 02. 


image size _ image distance _ p' 
object size object distainre p 


( 7 ) 


If object and image distances are measured from the focal points (.r, z'), then the 
magnification is given by 


m 


^ = L 

f OC 


( 8 ) 


(A negative magnification merely implies an inverted image.) If an object is v('ry 
distant and subtends an angle 0 at the lens, its image will lie in tlie fo<^al plane and will 
also subtend an angle 0. Thus the linear size of the image in this (aisc will Ix' e<iual 
to / tan 0. 

Telephoto Lenses.—A telephoto lens is a lens having a long focal IcMigtli but 
a, short “back focal distance,” or distance from the nair lens surface to the focal iioint. 
The long focal length ensures a large-scale picture, but, since the image! i.s close' to t lu' 
back of the lens, the over-all camera length is kept short. This result is a.cliiev('d l>y 
using a positive front element and a negative rear element, usually of approximately 
eepial focal length, separated by a finite distance. In such a comliination (IHg. 9) tlu^ 



Fig. 9 .—The telephoto lens. 


two principal points fall in front of the convex eknnent, giving the d(!sir<‘d long fo(\al 
length and short back focus. The fo(‘,al length of the system cun lie altered by (‘hang¬ 
ing the separation. Iii the past, many “teleuegative” lenses have b(‘(m (lesigrunl for 
use behind an ordinary photographic lens to convert it into a bdephoU) k'lis; it. is now 
customary to use only (jomplete telephoto lenses properly designed for tlu’: iiurpo.st*. 
The ratio of focal length to back focal distance is called the “telephoto magnilitration.” 

Longitudinal Magnification.—If an object has a depth q along the lens axis, then 
its image will have a depth q' along the axis (Fig. 10), where A', B' are, respectiv(dy, 
the images of the object points A, B. Then the ratio q'/q is called the “longitudinal 
magnification” of the image. It can be shown that, if q and. q' are small, th(^ longi¬ 
tudinal magnification m' is ecpial to the square of the ordinary magnification ra. Hence 
in any ordinary camera, where m is generally fairly small, m/ is very small, and a, 
considerable range of object distances appear equally in focus on the plate. On the 
Other hand, in photomicrography where the magnification m is high, m' is very high, 
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and only a very thin section of the object appears sharply in focus at a time. In this 
connection, it sho\ild be noted that for a fixed lens, if the object is moved to the right, 
the image ‘moves to the right also. 


A 

\ 

H H 

---- 1—1- - 


A 8 

r) b' 


V 

Fiu. 10.—Diagram illustrating longitudinal magnification. 



Photograj )hy 
()l 


iin ol)licnie 


Image of a Sloping Object.—] t (*an 1)<> shown tliat a perfect lens will produce an 
undistorted images ol a plains o)>j(U‘t svt ixn-pendicuhir to the axis, in a phine also por- 
poiKli(uilar to tlie axis. If the ohjofd. is plane hut is iiudiruMl to the axis, then a perfect 
lens will prochna^ an linage^ on a phuu^ which is also inclined to the axis, but the image 
will not he p(u*r<Md ly sluirp all over. Thus when photographing a sloping object, it is 
n(uaissa.ry to stop down th(^ huis if a. sha.rp 
picdain^ is dc^siiaal. A good rule for the 
<H>rr<ud- a.rra,ngeni(nit of ohj(ud., lens, and 
pL‘it;<^ is to <msur(^ that <)l)j<Hd atul image’: 
j)lan(^s nuM't on tlu^ nuMlian phuie of th(‘ 
hms (l<^ig. 1 1 ). images will, <>f (‘ourse, 

he ha.dly distorteal, but tlu' distortion rnn 
h(* nadifuMl by })r<>j(adion printing from a, 
til<(‘d n(‘gativ<\ using a l il((‘<l (‘a,s<d to hold 
t h(' bromi(h‘ pap(M\ 

Measurement of Focal Length of a 
Camera Lens. Th<‘ siinpl<\st itudhod is t.o 
stand tlu^ <*ani(U’a flat vipori a tabh' <*ov<u'('d 
with a sluad of i>ap(M’ and to turn it until 

t h(' imag(‘ of a. distjuit ()l)j<‘(d falls just at ou(‘ (Mlg(^ of t he piedure^ A jxmcil linc^ x 
(I<"ig. 12) is tlum iua<l<' along on<‘ side' of (iu^ ba.s(‘ of tlu' (‘anuu'a., a.iul tlie catnera is 
n>trit<‘(l on tlu' tabh' unt il tiu' sa.in<' distant ol)j(M*t just fails at. tlu' ()])|)(>sitc edge of th<'. 
pi<diir(\ Allot h(‘i' p<mi<m1 lin(‘ // is t hen drawn along t he* side* of t-lu'. (uiinera. base, and 
I b(‘ t wo liiu'S ar<'prodinaMl until t h(\v int.<u’S(a*t a t.d'b(‘angles IxdAvecui them repre- 

s(*nts t li<^ angular fi(‘l(l of t in* laimera correvsponding to 
the j)arti(‘ular lim^ar sizi' of the pieduro used. Ilenc.o, 
by (li-a.\ving a. liiu' across l,h(' pnwdous (wo lines, of 
length (Mjual to th<‘ lim^a.r j)i<d.ur(^ diuKuision J)^ th<^ 
r<K*al Uaigtli / can be at otua^ retail off. 

Th<‘ focal hngt b can also be nuaisun^d by a. ^baodal 
slid(‘'’ imdluxl. In t his, ( lu' hms is mount(xl hori¬ 
zontally on a- sinipl(‘ sli<l(' oveu' a. V(adi<‘al axis of rota¬ 
tion. ddH‘ image* of a distant, oi)j(M*t is (^a-refully 
<)bs<*r\a*(l whih* the* h'tis is tairiual thixmgh a. few 
d('gr(*<‘s about t lu* \ i‘rtical axis, am! the* l(*ns is (ln*n movexl baxdv and forth on its 
slide* until no sieh'ways motion of the* image* is se*e‘n during this small rota-lion. In this 
case* the* v(*rtit*al axis passe*s through (he* s(*con(l prin<*ipal fxiiiit- of tin* lens, and the 
<lir(*<*t distance* fi’oiii tlie* v(‘i’(ie‘al axis to tlx* image* gi\a*s lli<^ focai Unigth (Fig- 13). 
'Phis feillows from the* (‘epiabslope* pre)p(*rty of rays emte^ring toward tho first jjrincipiil 
|)oin(, of a l(*ns anel leaaving from (lu* s(*<*()nd. 

I^imitation of the Beam of Light. In (*very lens systevm, there is some materia) 
stop or eliaphragm \vlu(*h ae'tually limits tlx* size* of the* lx*a,m of light passing throxigh 



1 2 . I )c( i'lmnuat ion of t lx* 
t'< >cnl h*n^,r,( h of i\ hsis. 
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the system from a given object point. It may be a variable-iris diaphragm, as in a 
photographic lens, or it may be a lens cell as in a telescope or a projection lens or a 
microscope objective. By analogy with the eye, this stop is called the “iris’’ of the 

system. By further analogy with the eye, the image of the iris as seen from th<^ 

entrance end of the system is called the “entrance pupil,” this pupil being therefore 

the common base of the cones of rays entering t h*’; 
system from various points in the object pbine. 
Similarly, the image of the iris formed by that pari, 
of the lens system lying between the iris and the 

image is called the “exit pupil,” which is thus tlu': 

common base of all the cones of rays proceeding 
from the lens to various points in the image. ''riie 
entrance and exit pupil are evidently images of <‘a<*h 
other, since they are both images of the iris. 

The positions of the iris and the pupils in a symmetrical lens are iudicattai in 
Fig. 14, together with a typical beam of light passing through the system from a 
distant object to the image. 



Fig. 


13.—^Diagram illustrating 
the nodal slide. 



Fig. 14.—The iris and pupils of a symmetrical lens. 


The Brightness of Optical Images.—In Fig. 15 is shown a lens represented nioroly 
by its two pupils. If the extreme entering ray from an axial object point has a, sloi)o 0 



and the emerging ray a slope 9', then the illumination K (foot-candles) on tin* photo¬ 
graphic plate at B' is givtm by 

E = k-irB sin=* 9' (<)) 

Here B is the intrinsic brightness of the object (in candles per square foot), and k i.s 
the transmission of the lens. “Transmission” is defined as the ratio of the amount of 
light leaving the lens to the amount entering it and is always less than unity; it will bo 
discussed more fully on page 23. 
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It should be noted especially that this expression for E does not depend in any 
way on the distance of the object or on the slope 6 of the entering ray but only on the 
intrinsic brightness of the object and the slope of the emerging ray. This is because 
there is a compensation here between the light-gathering power of the lens and the 
magnification. Suppose for example the distance of the object shown in Fig. 15 
from the first focal point of the lens were reduced to half. The angle d would be 
doubled, and the amount of light entering the lens from each little element of the 
object would become four times as great. But the image would now be twice as 
large as it was, and hence it would have four times its former area. Thus four times 
as much light would be spread over an image four times as large, and the resulting 
illumination on the plate wo\ald be unchanged. 

Relation between Exposure and Aperture Ratio-—The relation between the 
aperture ratio of a lens and the illumination in the image can be deduced from the 
I'onsideration that in a perfect lens the equivalent refracting surface (“principal 
plane”) is a sphere centered abo\it the focal point 
(Fig. 16). H(mu*c, if h is the height of the incident 
ray above the lens axis, sin Q' is approximately equal 
io {h/S). Now the diameter of the entering beam 
(the entrance-pxipil diameter) is equal to 2h, heiice 
the “aperture number” or ratio of the focal length 
to the diainoter of tlic entrance pupil is equal to 
y/‘2/i, = 1/(2 sin O'). If this mimber is represente<l 
by .1, c.g., A — 4.5 for an //4.5 lens, we sec that Fi<i. 16.—The aperture ratio of a 
sii\ 6' = 1/2A, and hciuu' the image illumination is perfect lens. 

giv(Mi by E — /c7r/t/4.4'■* aiauiratc^ly for all apertures up to t he very largest. Thus w(^ 
r(Mi,(‘h tlu' familiar u'sult that the rccpiired exposure is proportional to the brightness 
of the obj<!ct and invers(dy pro]>ortional to the square of the /-number and is inde- 
p<nuh'nt of th(^ (lisiance of tlu^ <)l)ject. 

It is also int(U'('sting to se<' that tlu' givat.est p<)ssibl(> apindaire ratio^ is//0.5, for 
at this value 0' = 90° and the extnutu': nvy woiild just graze the plate. Even this 
ratio is, st rictly spcaiking, unattainabh', for thenv must be some space between the 
l)ack of tlu' lens ami t lu* image': plane. 

If tlu' bellows of a catmu'a is cxteuuh'd to focus a, near objeict, then the value of 



o' becomes (liminisluMl in proportion to I rat io 


( original-i rnage < 1 istaium\ 
new-image distance /’ 


a,nd the 


exposure' re'epiire'el must, lx; divide'el by the' sepiare' e>r this ratio. Thus in changing 
from a. (listaot, ohje'ct. to c'qual eonjeigat e' dist aeiee's (unit ma,gnifi(ai( ion), t.ho aperture; 
tuimlx'fs must, all Ix' (le)ubl('<l, a.nel tlx; e;xpoHun; n\a.de; four t.inu;s a.s greait. If the 
inagnitieat.ion a.etuallx' usexl is m, all inarke'el /-nuuib(;rs she)uld be; imiltiplieel by 
(1 T m), ami e'xpe)sur(;s by (1 + mY^. 

I'lx' <;lT<'et of a. eha.ng(' of be'llows le'ugt h on e;xposure; is very small except wlxsn the 
obj('e*t is epiit.e' close* (.e> t.he* lens, as may l)e; s('('n freeni 'Table; III. 

'Fhe; “Uniform Scale*” (tl. S.) sysl,e*m e)f de*signating tlx; st.e)ps in a phe)te)graphi(; 
lens is base'd on I, lx; an'a. of the iris ope*ning rathe*r than its diam(;ter. Whe;n it was 
int ro(lue(*el, //'4 wjis fe'lt. to be; tlx* limit ejf la.rge* a.pe*rture;s anel was ealh'el “ U. S. 1.” 
l'ix*n (he o(lx*r ape'rt ures 1<‘1I as shown in 'I’aiile IV. This system is ue)\v pra(;tie;a.lly 
< el )sol(*(.(;. 


' Hi iict-y hii.s il(:HiK>i<*<l x ictis for jihI roiiomic-ul piirilo.se'.s <'(>ii«isl iiiK of n r<;vejr.*x;(t oil-immerHion uiic.ro- 
M<;o|)(* ohjcci i VO, t lu* i>li<)t oKi iipliic pltU t* Ix'iiiK lit iii<*li«'(l li.v iv liiyor of oil to tlu; b(i(;k (piano) aiirfae'e; of 
the loiiM. The aiiorlun; of t.lii.s Im Kive'ii a.s//O.IUI, Hueili a Hi)<;<;el bf'iiijj; {lOHsiblo since for an imineirsion 
li'ins of this tyi>o, aiu'i turc iixinbor is il<;fin('(l by//2n/i wliore* n is the; inele'x of the; oil, say 1.52. llraooy, 
A«troi>hi/H. a.'J, 170 (lo:m;. 
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Table III. —Effect on Exposuke, Magnification, and Afektuke, of 

Extending Bellows 


Distance between object and 
lens in multiples of the focal 
length, /. 

00 

100/ 

50/ 

20/ 

10/ 

5/ 

3/ 

2/ 

nf 

Magnification, m . 

0 

0.01 

0.02 

0.05 

0, 11 

0,25 

0.50 

1.0 

1 

--; =» m 

n — 1 

Multiply /-number by. 

1 

1 

1 

1.01 ' 

1.02 

1.05 

1.11 

1.25 

1.50 

2,0 

(1 + 

Multiply exposure by. 

1 

1.02 

1.04 

1.11 

1.24 

1.56 

2.25 

4.0 

(1 4- 

Distance between lens and film, 









=( 14 - rn)f 

71 — 1 

in multiples of focal length. . , 

f 

1.01/ 

1.02/ 

1.05/ 

1.11/ 

1.25/ 

1.50/ 

2,0/ 

Bellows extension, from infinity 
position, in terms of focal 









m/ = ■ , 

7i — 1 

length. 

0 

0.01/ 

0.02/ 

0.05/ 

0.11/ 

0.25/ 

_ 

0.50/ 

1.0/ 


Table IV. —Comparison of Methods of Specifying Apertures 


/-number. 

4 

5.6 

8 

11 

16 

22 

XJ. S. number. 

1 

2 

4 

8 

1 

16 

;i2 








Measurement of Aperture Ratio.—As the aperturo ratio is defined as A = f/ ‘^ 
where D is the diameter of the entrance pupil, it is necessary to measure / n.nd O 
separately. The measui-ement of focal length is given on page 17. The eTitraiKU' 
pupil can be measured by means of an ordinary traveling microscope', equipped with 
an objective having a sufficiently long working distance to reach down itdo th<' k'us 
as far as the entrance-pupil plane. Alternatively, the emerging parallel beam from a. 



lion will be r(Mliic<'d to PJo cos*‘ cp, where 1 
cosine tenn.s appear Ix'cause the oblique- 


point of light at the focus may be allowed 
to fall on a. piece of photographic printing 
paper, and tVie diameter of the disk ot 
light so formed can be nieasurtal dirciddy. 
If the experiment is performed while (h<' 
lens is mounted upon a nodal slide, both 
/ and D can be determined together. 

Variation of Illumination over the 
Image.—^The discussion of image illumi¬ 
nation given on page 18 refers specific^allN' 
to the center of the picture. At a fic^ld 
angle (j> from the lens axis, the iliumina- 
?() is its value on the axis. Two of thesf' 
image point is farther from the lens than 


T.A.BLE V. -VaRI-VITON OF ILLUMINATION OF PHOTOGRAPHIC PlaTE 


Angle 0 from 

Relative 

Optical Axis, 

Light 

Degrees 

Intensity 

0 

1.000 

5 

0.984 

10 

0.941 

15 

0.870 

20 

0,780 

25 

0,675 

40 

0.344 

m 

0.062 
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th(^ axial image point, one cosine is present because the aperture is projected as an 
cIlipKc in the outer parts of the field, and the fourth arises from the obliquity of the 
liglit as it falls on the plate (Fig. 17). Table V shows the variation in light inten¬ 
sity on the photographic plate for various angles off the optical axis. 

The Vignetting Effect.—In addition to the loss of light caused by the cos^ law 
('ruble V), in many lenses the mounts cut off oblique pencils more than axial pencils, 
cuusiug the illumination in the outer parts of the picture to be still less (Fig. 18). 



'To an <‘yo at .4, the hms has a circular aperture, but viewed from JJ, the aperture is 
liini((Ml i)y the ovtu-lap of two ellipses, as shown at the right of Fig. 18. The com¬ 
bination of tlu': cos ' </j ndation witli vignetting may produce such a diminution of light 
that t lu‘ corners of the ph()tographi<i print appear dark, and sometimes almost blac 
rhi* vigiH'tting (‘fft'ct call gtmerally bo reduced by stopping the lens down. 

'rb(‘ magnitude of t.hc \dgactting effect can readily be determined by the arrarige- 
nieut shown in Fig. 19. In this diagram, S represents a, lamp and G an opal-glass 



I„.r„r,- ( he l.u.s /. be inv-.'slip.l..'.!- H i» a row of I,i nl.ota m “ 

I M'd in tli(‘ f(><“il plane of th(‘ lens and near a pliotographu- plate f . p 

tL*;;.. pio,. ^ of th- «haf.c;of«......... .pcrt..re co„..,spo..d- 

i,,U l<, 111.' piii-Uo..lar pmnf. tl.ouKlb that as a Iona is mado of 

The Light Traasmission of a ,, , the tra..spar<...ey of the 

!;i;''r.-o.i, a of n rcH..elH ha..k n p,.oport,o.. K* -!),(« + 
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of all light falling on it within 20 or 30° of the normal. This value ranges from 0.04 
(4 per cent) for n = 1.5 up to 0.067 for n = 1.7. Consequently, taking ji mean 
reflecting power of 0.05, the transmission of one glass-air surface is about 0.95, and if 
a lens has p glass-air surfaces, the over-all transmission will be (0.95)^. Values of 
this are given in Table VI. 

Now most of this reflected light emerges back again through the front of the lens, 
but 5 per cent of it is again reflected by each surface as the light passes through it., 
with the result that each double internal reflection causes about 0.25 per cent of the; 
incident light to go back into the camera as unwanted light. If the theory is workful 
out fully including the effects of further multiple internal reflections, it is found that, 
for light entering the lens along its axis, the total light transmitted is given by tin- 
fraction (1 — r)/[I -h (p — 1)^] whereas it was seen above that the useful light ifs 
only (1 — r)P. In these formulas r is the fraction reflected at each surfacte, and p ih 
the number of surfaces. The difference between these two amounts repr<*senta th<^ 
intensity of the unwanted light, which reaches alarming proportions in a. lens con¬ 
taining five or six separate elements (see last column, Table VI) and explain.s why a, 
picture taken by a simple landscape lens in a cheap camera is often much tnori'^ 
contrasty than the same picture taken with a complex anastigmat. hlach doubh' 
internal reflection, of course, forms an image of the source somewhere, but as thost's 
ordinarily fall very far from the plate, they are recorded as general illuniination anti 
not as specific images. However, it does occasionally happen that one or more of 
these doubly reflected images falls on or nearly on the plate, where it forms a ino.sf 
annoying “ghost image.” Ghosts of this type are most likely to occur when phf)io- 
graphing a bright object such as the sun or an artificial source of light against, a dark: 
background. Occasionally a faint image of the iris itself is formed, after two int(‘rna 1 
reflections, on or almost on the plate, causing a “flare spot” to appear in the center of 
the picture. 


Table VI.— Stkay Light in Lenses (r = 0.05) 


Number of 
glass-air 
surfaces 

Useful light 
transmitted, 
per cent 

Total light 
transmitted, 
per cent 

Difference 
(stray light), 
per cent 

Ratio unwante<l 

to iKseful liglit^ 

I XU' V VJXt 

2 

90,25 

90.48 

0.23 

0.24 

4 

81.45 

82.61 

1.16 

1.42 

6 

73.50 

76.00 

2.60 

3.40 

8 

66.34 

70.37 

4.03 

6. OS 

10 

59.87 

65.52 

5.65 

9.44 

12 

54.03 

61.29 

7.26 

13.45 


The true transmission of the glass itself sometimes becomes significant, (\sp('(M!ill \' 
in the near ultraviolet region of the spectrum, if extra-dense flint glasses have b<-<>ti 
included in the lens. This may become noticeable in erdargers used with ordiii.a re¬ 
developing papers which have a large portion of their sensitivity range- in ( he- nejti- 
ultraviolet part of the spectrum. No fear need be entertained a,s t,o t he- infrarc-tl 
transmission of a lens, for optical glasses transmit to a wavehmgth of 2.-5 ^ wheron .'-; 
no photographic plate has yet been made whieh is sensitive beyond 1.2 ijl in the- 
infrared. 

Bubbles and scratches in a lens generally act merely as direct obst.riKd.ions to 
light and, unless of unusually serious magnitude, are insignificant. How(!V(u-, it 
should not be forgotten that enough light may be diffracted by a scratch to caust; 
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;emng of the contrast. Indeed, some “diffusion attachments” opemte on 
siple. 

d Density. —While on the subject of light transmission, it is convenient to 
I the frequently occurring concept of optical density. “Light transmission” 
as the ratio of the amount of light leaving the system to the amount entering 
lame time. This is a ratio which is rarely greater than 0.9, since that is the 
ion of a single lens or plate of glass. 

the transmissions of plates or other elements passed in sticcession by a beam 
lust be nmltiplied together to yield the over-all transmission, it is more con- 
o adopt a logarithmic unit which can be directly added for successi'^e trans- 
Buch a unit is “optical density,” which is defined as log (1/transmission), 
nsmissions of 1, 10, and 50 per cent have densities, respectively, 2.0, 1.0, 
A transparent clear-glass plate transmitting 90 per cent of the light, has a 
f 0.046. 

;erm “opacity” is sometimes used for the reciprocal of the transmission, 
ranamission of 50 per cent has an opacnty of 2 and a density of logio 2, or 
f several plates are used iu succession, their opacities must be multiplied 
to get the over-all opacity. 

ing a Lens. —Dirt or fingcir marks on a lens act both as obstructions to 
, as diffracting agents which soften definition and contrast. A lens should 
laned more than necessary as grit is likely to be harder than glass and indis- 
! wi])ing may scratch the Icais surfa,cos. Olean chamois leather moistened 
ihol is a. good ch'aiiser, followed by tlie minimum of [polishing with a dry 
l('a,th('r. Soft tissue paper or sp(Hna.lly nnuh^ hms paper itiay also bc! used. 
,ould not b(^ ta.k('n apart unl(‘ss absolufdy ne<^cwsary a.s this will a.dmit dust 
which will sef.lle cwetitun.lly on th(^ inner hms siirfa.c:es. Slight dccentration 
arise' from casual di.sa.ssc'inbly of a h'ns. 

>ns has Ix't'Ji (lro[)i)('(l, it may be founcl fliia.t oiu^ of the bailsa.m layers betwcMMi 
Mits of a, cenu'ntcid compoiHUif. lias sta,rt<xl to brea.k apart. In this c.a.se the 
Id bc n'turiK'd to th<' mnkiu's to b(' reci'nnmted; this is not a job for the user to 
e himsc'lf. 

L of Field. W(' have so la.r supposi'd (lia.t tlu' whoh^ ol our ol)j(x*t lies in a 
i lix('d <li.sl a.n<‘(' from lh(^ caiiu'ra. a.nd t hat t lu^ imag<' is sharply loeused on the 
r (‘illu'V of (h(‘S(^ condifiions is not lullilh'cl, shall, ol (‘oursi^ obtain a 
nag(‘. In praef i<-e it is found (bat, a. certain slight, amount of blur is tolerabh; 
t cannot Ix' d('l<‘et('d in tlx' final j)ictur(', a,iul thus w(' liave a certain deter- 
“(Icpth of field” for our <‘ain('ra., which is th<^ ra.ng<' ovu'r w'hich th(^ ol)j('<^t. or 
>graplnc plal(' may bc' movc<l along the axis of the h'tis Ix'lorc' (Ix^ c.ons(^(plont 
tf t Ix' picture Ix'coux's ix)t iceabh'. d'o obtii.in a. (piatititalivc: inca.s\ir(i of this 
' eonsi<l('r tlx^ passage of tlx* b(\‘un ol light, from a. singh^ ol)j<x*t. point to t.lu^ 
uling im.agc point.. If t his image point, i.s out. ol locus, a. “circh^ ol ('onlusion 
cn on I Ix' pla.t<' inst<'a.d of a. point, of light., a.ixl if t lx^ dia.nx^t.er of t.his circle of 
1 subtcixls an atigh' of a. minut(' of a,r«^ or h^ss a.t tlx^ obs(u-v(u-’s e.v(\ he will be 
) say wlx'llx'r tlx* image i.s in sharp fo<ais or tx)t. 

a mimil(‘ of arc is an a.ngl(' of 1 in 3100, so that. a. (uia'lt^ ol O.l-nim. dia.m(d.er 
ist lx* (1 i.st inguishaI)!(' a,.s sucdi wlx'u view<‘<l at. a. dist.a.nce ol about. 12 in. As 
normal vit'wing (lisla.uc(' for diia'ct, eontacl. ]>rints, n circh' of ('onlusion ol 
(liam('t<'i- pro\'i(les tlx* limit of our depth of focus for svx'h ca,s<^s. 

‘v<'r, wlx'U tlx* photograi)hie pictun* is subs('(pxmt.ly (mlnrgt'd, as oc<*urs in 
lictuix's for ('xaini>li‘, it. i.s n(x‘('ssa.ry t<t adoj)! a much more stringt'iit. criterion 
x'.ss than 0.1 mm.; iixh'ed, the limit is t hen lix<‘d by tlx' coa.rs<ux':ss ol t.lx' grain 
‘ in tlx' phot<)graj)hic ('mulsion. The measured “rcsolviTig power'' of 
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emulsions runs from 30 lines per millimeter for fast negative emulsions down to 
80 lines per millimeter for process plates and lantern plates. Thus we may expect 
that the minimum discernible circle of confusion over this range of emulsions will be 
similarly from 0.03 to 0.01 mm. On the average, it is cornuionly stated that, for the 
highest definition requirements, a circle of confusion of Vfooo (0.025 mm.) is per¬ 
missible, while 0.1 mm. is satisfactory in making direct-contact prints. 

Depth of Focus in the Image. —In Fig. 20 is shown the cone of rays from a lens iii the 
neighborhood of an image point. Assuming that the lens is perfectly correettKl, this 

cone will shrink to a point at the best focus, and 
expand uniformly within and l)eyond this focus. 
Evidently, if the plate is situated anyw’here in 
the range for which the cxpa,nded Ix'am has a. 
diameter less than that of the permissible eirc.le 
of confusion c, the image will appear perfectly 
sharp, w^hereas outside this range .some diffusion 
will be observed. If this range extends to a distance R to eacli side of the p<u-fect 
focus, then li — cA, where A is the aperture number of the lens. The u.se of ( his 
relationship is chiefly found in determining the precision of focusing macessary in a 
camera, the permissible degree of nonflatness in films, etc. 

Depth of Focus in the Object. —So far as the practical photographcu* is concerned, ( he 
important aspect of depth cif focus is the range of distances in thc^ object wdiicdi will 
appear substantially in focus on the plate. Thisismon; properly calh'd “dept h of fiedd.” 

If the camera is focused accurately on a certain plane in the object, at a magnifica¬ 
tion m, then the distance beyo7id the focused plane corresponding to a ciiadc of con¬ 
fusion c on the plate, is given by 



I'm. 20.- 


-Depth of 
image. 


focus in the 


E, = 


cs 


tnd 


( 10 ) 


w'herc <i is tlu^ diameter of the entrance pupil of the bus, and .s- is (h<' longitudinal 
distance of the focused object plane from the entrance pupil. Similarly, tlu' dei)(h 
of focus within the focused plane is 


R., 


cs _ 

7nd -f- c 


( 11 ) 


If thf' object is fairly near the caiiK'ra,, tnd is la.rg<' coinpan'd to c, and we can write 
approximately 


R I = R'i 


cs 

m-d 


( 12 ) 


As an exa.nipk^ in the us(^ of thes<' formulas, suppose' w(' ljav(' a.n / -1.5 h'lis of focal 
Icugt h 100 mm. (4 in.). Then with an object at 10 ft . (3.2S in.) distaiici' and a.ssuming 
a permissible circle of confusion of 0.1 nun. on the film, wc have 


s = 3280 mm. 


d — 


100 

4:5 


= 22.2 nim. 


c 

m 

md 


— 0.1 mm. 

s - / 31.8 

= 0.70 


jR2 — 

R, - 


328 

0.8 

328 

0.6 


= 410 mm. = 16.1 in. = 1 ft. 4 in. 
= 546 mm. = 21.5 in. = 1 ft. 10 in. 
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Hence the whole depth of acceptably sharp field would be from 8 ft. 8 in. to 11 ft. 
10 in. 

By the approximate formula (12) we have 

Bi = R-i = 469 min. = 18.5 in. = 1 ft. 6 in. 

giving a range from 8 ft. 6 in. to 11 ft. 6 in. 

Depth of Focus, Including Enlargement of the Print.- —It can easily be shown that if 
we photograph tlie same object with two louses of different focal lengths and diameters, 
if we subseqiiently enlarge the smaller picture to make it the same size as the larger 
picture, and if we insist on equally sharp definition in the two final equal-sized pictures, 
then the depths of focus of the two cameras wilt l^e proportional solely to the diameters 
of the two lenses. Thus an //2 lens of 2-in. focus and n.n//4 lens of 4-in. focus both 
have a diameter of 1 in. The 2-in. lens forms a iricture half as large as the 4-in. lens, 
but after enlargiunent to make them ecpial in size, the deiitli of focus of each will turn 
out to be the same. This property constitutes the rcial aciva.ntage of the miniature 
camera, in that it permits the use of a fast lens without loss of depth of focus. 

The Hyperfocal Distance.—In a fixed-hxuis hand camera, it is desirable to choose 
the focused plane so that the extreme (uid of the beyond-focus depth just reaches 
infinity. In this case, we write Rv = oo, whence nid ~ c from Mq. (10). Now since 
m. —f/x\K(\. (8), page 16], our focused distance; in this case will Vjc: given by ;c = fd/c. 
''Phis is (;alled tlui “ hyptn'focnl distaruu;.” It should be n()t(;d that, in a {;anu;ra cor- 
rt;ctly focus(;d for this dist-aiuu;, the within-fo(;us depth just r(;a.c,lu;s .c/2. As ai> 
<‘.X!unple, consider a, canH;ra, huis of 100-mm. local hmgth atnl a,p(u-tur(; //8. Tin; 
diameb'r of th(“ pupil is d = = 12.5 mm., a.nd tin; hypcufocal distama; is given by 

X == fd/c ~ (100 X 12.5), 0.25 = 5.0 ni. (16 ft,.), a.,ssuitiing t iu; i)(;rmissibl(; c,in;l<; of 
confusion on tin; i>lat(‘ corr<;spond.s to r = 0.25 nun. Th(‘ range; of object <lista.n<;(;s 
s(;n.sibly in focus tli<‘t\ runs from oo up to 2.5 in. (8 ft.). 

The Resolving Power of a Lens.—-If wc follow t hrough all tin; inqilications of tin; 
lluyg(;ns wave tlu'ory of light, \v<; find that t in; image of a, point .souna; fonin'd by a, 
pm-fcct lens is not a, t rue point, but a, small disk of light, surroumh'd by a, s<;ri(;s of v<;ry 
faint, rings of light, (;all('d an “Airy ilisk.’' 'Tin; pra.<;ti(‘al dia.nn;t,(;r of t lu; (;entral 
circular patch is found to b<‘ 2X//d, wh(;rt‘ X i.s t in; wavi'hmgt h of t in' light us('d (a.p{)rox- 
imatcly 0.0005 mm.),/i.s tin' imag<; distances from tin' l<;n.s, and d is tlu; (‘.l(;a,r diamet,(;r 
of t lu' h'us. Ih'iict; two ('los<; point .soutane's will lx; just “ r(;.solv<'d “ if t.ln'ir .s(;pa.ra.tion 
is ('<]ual to \f/d or X.l, wlu'n' A is t in; api'rl.urc numlx'r of tin; h'lis. ^Phis (jua.nt.ity 
is so small t hat, it, scar<;('ly ever I'nti'rs int.o phot.ographii; probl(;ms, for (;v<;n a,t//l(>, 
as might Ix' usi'd for copying work, t hi' U'a.st, r(;.sol v'abh; s<'pa,ra,t,ion of two a,dja,(;('rd. sta.r 
imagi's is 16X == ().()08 nun., whiU' t in' grain of ('vi'ii a, pro<;(;.ss ]>la,l.(' is at, h'ast, t wiiu' as 
large as that, ainl wit h ordinary pla,t,('s it may r<;a.ch t,(;n or tw(>nty tinu'S as largi'. 

The Pinhole Camera. A (yp<; of ca.m<'ra which should not lx; (U's[)is(;d is tin; 
common pinhoh; ca.m('ra., which is simply a,n ordinary (;ann'ra, having a pinhoh; in 
()la(;(' of a h'li.s. 'Pin* siz<; of tin; pinhole is of (;onsi(lera.l)1<; imixn'tanci;, for if it, is l,oo 
la.rg(' t h(' picl uri; will lx; blurri'il owing t-o l.hi; sju-i'mling of l,h(M'<)n(;s of light from t he 
\'arious obji'ct, jioints as tbi'y j)a.ss t hrough t he boh;, but, on the otlx'r hand if tlu; j)in- 
hoh' is t<x) small t in' light wa.vx's will spn'a.d out, owing l,o di ffra.ct.ion (;rf(;(;|,s, a,gain 
causing a, blurri'd jiicturi'. 'Phen; is thus an optimum sizt; of hole; to be us(;d wit h 
any gi\'('n length of (;a,m('ra,. It (;ati lx; shown that, t,he imagi; of a. singh; obj(;<;t. point 
will Ix' a.s .small a.s po.ssibh;, as a ri'sult, of int<u’fc'n*nc<' (;ffc('t„s lx't.w<;t;n light wa.\'<;s from 
tin' diffi'icnl parts of t Ix' bob', if tlx; diarn(;(.(;r of tin; boh' A is givi'ii by tin' following 
formula : 


.42 - 0.00007/ 


(13) 
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where / is the length of the camera from pinhole to plate. This formula leads to the 
values given in Table VII. 


Table VII.— Optimum Size of Pinhole 



3 

4 

6 

10 

/[ ^ ....... 

0.014 

0.017 

0,020 

0.02() 

Relative aperture.! 

//210 

//230 

//300 

//380 

Size of image point, in.. . 

0.004 

0.006 

0.000 

0.008 


In the fourth line of Table VII is given the size of the spot of ligld, falling on the 
plate from each separate object point for the stated values of / and A. It will l)e 
noticed that the image spots are in every case less than one-third as larg<^ as tlut 
pinhole itself and are not much greater than the normal sharpness napiireinent ior 
ordinary photography. The relative apertures are very low (less tha,n f/200) Inmce 
a long exposure is required, but^ with a fast plate in bright sunlight, even this will 
amount to only a few seconds. The entire absence of distoi'tion for any size of a.ngular 
field is a very great advantage afforded by the pinhole camera, in addition to its 
evident cheapness and simplicity. 

The variation in illumination over the field of a pinhole camera wmdd be ecpial 
to that given by the cos'* <l> law expressed in Table V, page 20, if the pinholes is pierctMl 
in a plane thin sheet of opaque material. If the edges of the pinhole have been raiseil 
by the insertion of the pin or if the sheet material has considerable thiekiu'ss, f luni 
there will be some vignetting of the oblicpie beams, resulting- in still less light, at tlu^ 
corners of the picture. It is unlikely that a pinhole photograph would Ixi sat isra,ef.ory 
if a field much greater than about 90° were attempted. 

Perspective Effects of Photography.—To understand tlie nature of photographic: 
perspective, we need merely consider the tracks of rays from all parts of an ('xt('nd(*(l 
scene into a simple pinhole camera. No change in the ray dirfat ions occurs at the 
pinhole, each ray continuing along its rectilinear path until intcn-cepted hy tin* photo¬ 
graphic plate. The picture formed on the plate is then necn^ssarily a, “correct.” 
representation of tlje three-dimensional object projected upon a t.wo-dinuMusional 
plane sux-face. A pinhole is considered here instead of any i-('a.l hms for siinplicity aixl 
to be sure that distoi-tion or other ojxtical alxeri-ations shall bc^ al)s<‘nt. 

However, such a picture although “<a)i-rect” would not look {xh^asiug unh'ss it. 
conformed to a number of long-established conventions. Th<^ first is that the plate* 
plane shall be vertical. This corresponds to holding onr eyx^s so that wc look diri'cl ly 
forward in a horizontal plane. If we tilt our head and look upward at. a. high buihling, 
we see the vertical sides of the building appearing to converge to a [xoint in t he sky, 
but we do not oi-dinai-ily realize that this is so, and wc object st rongly to a photograph 
taken on a nonvertical plate which shows this effect. On Mk^ otluu- hand, a. (h'lilxu-aI 
exaggeration of this appearance may be used to suggest great hciight. in a, building. 

The second convention that must be observed is in th(^ distamie of the (uinu'ra. 
from the object. To look with our eyes at an automobile end-ou from a. distaiicx^ of 
3 or 4 ft. shows the near end dispi-oportionately large and the far end i-('lat.Ively .small. 
However, in a photograph, this dispropox-tionato ixiagiiificatioxi of various {xnrts of t.hc^ 
picture can appear uxxpleasant or even absurd, and it should be a,void(‘d by always 
placing the camera as far as possible fi-om the object to Ixe plxotogra,plied. 'To yit'hl 
a picture of the required size, a lens of sufficiently long focal hmgt h must., of (murs(‘, 
be used, and this is one of the chief objections to sxxiall hand x^anuu-as cxiuippx'd with 
fixed short-focused lenses. A good rule is never to place the cam(‘i-a elosxn-1 ha.n 10 ft. 
from a person or other medium-sized object which it is desired to phot.ografxh. 
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The third point to notice is that for proper perspective the print must be viewed 
from the point originally occupied by the center of the lens. With amateur snap¬ 
shots, this point is frequently too close to the print for the eye to accommodate, and 
a, magnifier must be employed. The ideal magnifier is one having a focal length 
equal to that of the camera lens. If such a magnifier is used, the improvement in 
perspective is often amazing, and the whole scene takes on an impression of great 
reality. If the picture is enlarged, the viewing point is carried away from the print in 
proportion to the degree of enlai'gement, and for this reason alone enlargements of 
snapshots are frequently found to be much more “natural” and pleasing to the eye 
than the original contact prints. A good rule with miniature cameras is to enlarge 
by the i-atio of 15 in. to the focal length of the camera lens, on the assumption that 
t h<^ enlargement will be viewed at approximately 15 in. distance. 

A fourth fa(d.or which sometimes accounts for an unnatural picture is the size of 
th(^ angular field of view covered by the photograph. Artists rarely show more than 
30 or 40° in oiui picture, and photographs which include very much more than this are 
often deceptive. Almost all photographs taken with a wide-angle lens covering a 
field of 80 or 90° or even more are unsatisfactory, a typical example being a close view 
in a small steamship cabin which looks like a wide and spacious room in the print. 
The data in Table VIII may be useful, relating the focal length and size of angular 
field of lens with the size of picture produc.ed by it. 


Table VITI.—ANouiiAit Finim of Lens 
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Choice of Focal Length for Various Purposes. —Under all circumstances a good 
rule to follow is that the focal length should be as long as possible, if good perspec¬ 
tive representation is desired. In particular for portraiture, to form a head 
image, say, 3 in. high, a magnification of about one-third is required, and therefore if 
the subject is to be, for example, 9 ft. from the lens, the plate must be 3 ft. from the 
lens, requiring a focal length of 28 in. As this is very long, it is generally necessary to 
place the subject at less than 9 ft. from the camera, with consequent slight “dis¬ 
tortion” of the perspective. 

However, in spite of everything, small lenses are by far the most popular, mainly 
from considerations of portability and cheapness and because the depth of fcxnis 
for a given/-aperture, is consideraloly increased. Optically, also, small lens('s art* better 
because the aberrational defects in a particular type of lens shrink with the s<‘al(‘ on 
which the lens is constructed, while the various aberration toleranc(\s ixunabi 
unchanged. Thus it is often possible to make an //1.6 lens for 16-mm. motion 
pictures of a design which could not be made to e.xceed, say, f/2.0 when used with 
35-mm. films, or perhaps//2.5 for a miniature camera covering two frames of 35-nun. 
film. 

Lens Defects.—We have discussed so far the properties of a perfect len.s. In 
practice no lens is perfect and some slight knowledge of the kinds of defects lik(^ly to 
be encountered is useful to the practical photographer. The principal aberrations 
may be listed as follows; 

1. Spherical aberration. A longitudinal variation of imag(' jmsition for dilTenmt 
iomies of the lens. 

2. Coma. Variation of image size for different zones of the' lens. 

3. Chromatic aberration. Longitudinal variation of image posil.ioTi for dilTenml 
colors. 

4. Chromatic dilfcu-ence of magnification, or tra,n.sv<'rs(^ (4ironmti(; alK'rral ioti. 
Variation of image size for dilTerent colors. 

5. Distortion. Varia ioii of magnification in diffenuit parts of t h<‘ li(‘l(l. 

(i. Astigmatism. A longitudinal .separation hetw(Hm the images of radial .aiKl 
tangential lines in the fic^ld. 

7. Curvature of (i(^ld. A curvature of the “field surra.c(‘s” obtiiiiual by joining 
up the radial and tangentia,! astigmatic imagt^s ov(U’ the entire fudd. 

These will be considered si'parately. 

iSpherical Aberration.—In pracdically eveu-y Urns of at>y kind it. is found that 
rays from an object point on flu* lens axis, enUnang tin; hms at difbu-ent. disl.atices out 
from the center, cross tlie axis a.ga.in on the image side; at difhuxmt. points. This is 
clearly a defect, since in a p<‘rfe<;t lens all the rays from an axial ol)j(>ct point cro.ss 
t,he axis again together at the iimigti point. 

The situation for an (uitirely uncoriauited simpU; conve.x hms is indica.l(‘d in h’ig. 21. 
'The point P rc^pn^sents the “a-xial image point,” which is the cro.ssing i)oint of rays 
|)assii\g through tlie hms near its ceid/er. The position of this inuig<; poiid is given 
by tlu; formulas on page 15. Now in a simple lens, the othtu' rays whi(di pa..ss t hrougli 
t.h(; out(!r parts of th(; lens fa.ll .short and cross the axis at points M, N, etc. 'rh(> 
distama; from T to Af is calUal th(! spluu’ical aberration of the; lens for tlu; particular 
ray (;on<;erned, usually tin; (extreme marginal ray at fidl a,p(;rt.ur('. 10vid('ntly stopjjing 
down tlu; diaphragm of such a lens will r<alu(;(; tlu; spherical alx'rration drastically. 
The dotted curve in Fig. 21 is a graph connecting the lu;ight of incidence' of tlu' ray 
with tlu; position of its crossing point with llu; axis. This gra.pli is ap{)roxiniat('ly 
a parabola for an uncorre<;ted lens !>(;cau.se the aberration in(;r(;as(;s approximatel.v 
as the s(piare of tlu; height of incidence; thus halving tlu; h'us diametc'r r('duc('s the 
aberration to one-quarter of its previous amount. 
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Ill a spherically con-ected bins, the aim is to make the extreme marginal ray cross 
the axis at the point P, which can bo ac^coinplished by a suitable choice of lens shape 
and construction. Then it generally happens that the intermediate rays do not cross 
the axis at this focus but fall a little short of it. gi vi ng the sitiuation indicated in Fig. 22. 



Fm. 21. Dia^iraru illuhtrating si)hcri(^al uhcrration. 


This small nvsidual aberrallon for the ititerm(idia,t(‘ zones of the lens is known ns “zonal 
alx'rration” a.nd is gerua-ally tu'gligible, l)ut it becomes of s('rious magnitudes in mi<a-o- 
.scojx' ohjc'ctives and photographic. lens<'s of over//3 reln.tiv(^ a,pertun\. In large! 
t('Uwcope ohjectives, zonal aberrallon would lx-! so st'rious if splna-ii^al surra,<a\s wen^ 



Fni. 22. I liagra.m illuHtml in^i; zonal jilxa'J'al ion. 


used (haf on<' or more ol llu' lens surlac('s is in\'a.rial)l\' made a.s|)h(‘ricn 1 by judicious 
band rd oindi ing, and conscanKMil 1\' the <iualit_\’ ol .siudi a lens nil imal.('l>’ d<'p(‘nds more 
on (he skill ol (Ik' ndoindier (ban on (In' car(' of (he (h'sigiKU'. 

1 lu' geiK'i’al ('ll<'c( ol l.arg(‘ spherical ;il)(‘rra(ion in a. hais is (o product* jin image of a. 
point source consisling of a brighl, c(‘n(,ral point. (Mh* focus of ( lu* a.xijd 
rays, rej)res('n(cd by /' in (he ra,\' <liagra.ms) suri’oundcd hy a Inilo of 
light caused b_\' (la* ra\'s which nnss (Ik* point. ;i.s indieat(*d in i'ig. 

2d. With au ('\lende<i obj»‘c(, ol cours<*, ('vei‘\’ |)oitd will lx* imaged as 
a pidcli ol (his sort, all (he ccidral bright spots seiadng to outlim* (la* 
image*, ;md all (la* halos ni<‘rging (og<*tla*r (o leroeluce a g(*u<*ral fog oi* 
iia.Z(* over (la* picture*. On steepping eleewn (he* h'tis b\* me*ims eef its iris inia'gc of a 
eliaphragiu, (he* hale) 1 )e*e*e)me*s sma 1 le*!', ( he* e*e*id ra 1 bi'igh (.ne*ss re'm:i ining peeial seaire'e* 
virtually une*hauge*d until (he*e*n(ir<* hale> has geeiie*. Mi r( he*r s( eeppi ng whi*ii H|>he«r- 
be*ye)uel ( ha ( stage* eiiminislies (he* e*e‘ti(ral bright ik'ss a Iso. abe*rra- 

'I'he* ant lieu- e>ne-e* e*xamine*il an / I .o le-ns w hie-h hael a l;irge* re*sielual 
eel sphe*rie*al ;ibe'n-;it ieui eil (his I.Vpe*. 'The* eaite*!- hale) e*e)ulel be* e*e)m- 
I >le*( e'l \' re'tne )\-e'< 1 b ,s( e eppi iig (he* le*n.s e le)^\ u to./ 2.9, ;d (i‘r w hie* h f u r( he*r .s( oppi ng e lown 
me*re*l\' e li in in isla*el the* bright ne'.ss eif ( he* e-e‘ut ral speet. .\s fa r as i*x (e*ne h*e 1 ol) je*e‘( s a re* 
e*eini*e*i-ne*el. (bis le-ns woulel gi\e* its l)e*st. image* at / 2.9, .\ny (*ida.rge*m e-n t eef (he* 
ape*rture* be*ye)nel / 2.9 weeu’e! preielue-e* a ha.ze ove*r (he* wlmh* pie*t ure* re*sul(ing in bael 
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loss of contrast, the effect being almost similar to admitting stray light into tho 
camera by making holes in the bellows! 

Spherical aberration can be immediately recognized in a lens by letting it form an 
image of a distant point sonrce through a filter, to make the light reasonably mono¬ 
chromatic, and then examining the image with a strong magnifier or a low-power 
microscope. 

Coma .—Coma is an aberration which does not exist in the center of the image 
(the lens axis) but increases steadily for images lying progressively farther out in the 



field. It is essentially a difference in magnification, or distance of the iinag(' from the* 
lens axis, for different zones of the lens. Each zone forms a mimitt^ ring image of an 
object point, all the various rings falling between two lines at 60° to oiu* ariotlKu- ns 
indicated in Fig. 24. The strongest concentration of light is, as for si)h(M-i(‘n.l alxu- 
ration, where the rays through the middle of the lens form tlunr focus, viz., at P in 
Fig. 24. ''.Phis comatic (cometlike) form of star image off the a..xis of tla* lens is wry 
commonly found in an ordinary astronomical telescope having a slightly (il((Ml 
objective. It is common too in photographic lenses, but there it is getu'rally so 



Fiu. 25.—Curve relating wavelength with position of focus, for u .sinipU* lens and for an 

achromat. 

mixed with astigmatism and other aberrations that few people have ev(‘r seem a.n 
image aflSicted with pure coma and nothing else. 

Chromatic Aberration .—This is characterized by a longitudinal (lisi)hu‘emenl of 
the imago plane for different wavelengths (colors). In an nncorrocted posit.iv(‘ hms 
the violet focus is the shortest and the red the longest, the other colors falling into 
their place between the two extremes. In an achromatic lens an attempt is madt' by 
combining two or more different kinds of glass to unite two colors at a c.otumon focus. 
When this is done, the intermediate colors fall closer to the lens than the unit(al pair, 
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and the extreme colors fall beyond, so that the curve connecting wavelength (X) 
with image position becomes bent back on itself as shown in Fig. 25. This means 
that in the neighborhood of one wavelength the lens is substantially free from chro¬ 
matic aberration, that being the “mininuun focms wavelength” corresi^onding to the 
point m in Fig. 25. For lens systems to l)e used before the eye, this minimum-focus 
wavelength should fall at about 0.55 winch is the peak of the sensitivit 3 '- curve of 
the eye, but for photographic work with ordinary plates, it sho\dd fall much lower, 
say at 0.45 m or even less. h''or \ise with panchromatic materials having a very broad 
range of color senaitivit.y and sometimes ev(‘n with two definite peaks of sensitivity 
at diffei-ent wavelengths, the b('st position of the initumum-focus wav(ilength has not 
yet heen decided. The only solution may be to make " apochrornatie ” lenses, i.e., 
lenses in which the curve in Fig. 25 is practically Hat or in which it has a double bend 
giving union of thrc^e colors at a common focais. hlither of these conditions is hard to 
fullill and is ind(HHi almost impossible becaiise of the nec.essity of c:orrc;cting all th(^ 
other aberrations at the saim; time. The longitudinal exhmt of the (diromatic 
aberration of a lens is not diminished hy stopping <lown, l)ut its st'riousness is reduced 


I I I M ' 1 i-r T n 




Barrel Original Object Pincushion 

t'u;. Outline oT H<iuur(‘ produccMl wlu'U distortion is i>r('Bont, 


l)(M*jius<‘ t h(* d(‘ptli of fo(uis l)(M*onH‘s iiH*rc‘nuS(‘<l at. sina.lUM’ a.piuM un' and t lua’c^hy absorbs 
inon^ of t in* (du’()nnita<* alxuTat ion. 

(UirortKtiic IHJlcrcficc of A!agtiifu'aiioti. ddiis (‘xists in any buis in \vhi(dii th<^ locail 
huigt h is (lirf(U’<‘nt in dilT(M'<vn 1. (‘olors; it. should Ix' (‘jir<d'idly <list infj!;uish(xl 1 roni ordinary 
(dironiat i(* nbiu'ration in which t lu‘ posit ioii of {\\o foral point varices in di(l(‘r<Mil: c.olors, 
Chromat ic* dirf(M*(m<*(* of nm|i;iii(icat ion pro(hn*('s (‘olonal frin^(*s rouinM-ln* out(M'callus 
of th(‘ aod in phol<)p!;rai)li\' th<*s(‘ an* r(M*ord<*d as l)lnrr<*<l oiitliiuvs. '^Pho olhad 

l)(*t‘()in(*s \\'ors<‘ if 1 h(* image* point. li(‘s fartluM* from tin* (*(*nt(*r ol t.h(^ pictiuxa It is 
<*sp(*(*ia.lly s(*rious in l<*nsi*s to b<* us(*<l in color pliotogra.phy or in t hrc*c™col<)r pro(‘(\ss 
work, ami it is not iinpr()V(*d in any way hy stopping down t lx* l(*ns. 

In mod(*rn ininiatun* cain(‘i'as with good l(*ns(*s, this (l(*l(*ct is n(*V(n' lik(*ly t.o Ix^ 
large* (*nough te) lx* ned ice*abl<*, (*\'e*n wlH*n taking pi(*ture*s on I\oda,e*hre)nu* (ihn. Its 
e*fT(*e‘t in e‘nlarge*rs is liahle* to be* tnue‘h more* se*rious, and is elise*uss(‘d uneha* |>roe*<*ss a.nd 
emla.rging le‘nse‘s b(*le)W (on i)ag<* dS in (diap. III). 

!yii^tortion, \Vhe*n elistorlie>n is pr(*s<*nt in a, l('ns, tlx* ma.gnifx^ation is ne)(r consta.nt 
all ove*r the* pied ure*, but t lx* ende*!* parts may lx* magiu(ie*d le*ss or more* tha.n (*e*ntral 
f)arts, d’'he*se* e*ns(*s are* illust ral<*el in tdg. 2(). In tlx* nppe*r part ol that, eliagram are* 
shown itnage*s e>f a unife)rml\' eliviel(*<l scale* takem wit h a l(*ns ha v'ing 1 h<\s(* I vve) t.y|)e*s ol 
elistoid ie)n, arnl in t lx* le)\v(*r part of t lx* lignia* are* shown the' e*ll(*e‘ts ol t.h(*s<^ distortions 
e)n t he* image* of a. sepia I'e*. I n t he* lat te*r <*ase*, siix*e‘ t he* (‘orTx*rs e)l t he* sepmre* a.r<' iart Ix*r 
oni than tlx*siele*s, the*y are* inagni(i(*d re*lative*Iy h*ss or more* than the' side's^ and luuxx* 
the* sepian* is elislorte*<l irdo a. barre*!- or (‘iishie>n”-shai)(*el figure*. In (MV<‘h case*, the* 
j)e*rf(*e*t sejua.re‘"iinag(* is shown d(>t le*d. Distortion is nna fle*(*t (mI by sloi)ping de>wn 
tlx* l<*ns, anel is ve*ry se*rie)us in any l(*ns wht*r(* m('asure*in(*nt.s are* t.o he* nmeh* on the* 
plate*, e’.f/., in pro<*e*ss le'ns(*s or l(*nse's for map (*e)pying or ae*rial surv<*ying. be*nscs with 
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a symmetrical construction are generally found to have very little if any distortion. 
Distortionless lenses are called “orthoscopic” or ‘'rectilinear.” 

Astigmatism .—This aberration, like coma, does not exist on the axis of a well- 
centered lens but increases rapidly in the oblique pencils. It is characterized by a 
longitudinal difference in position between the images of radial lines in the field and 



Fro. 27.—An astigmatic image. 


tangential lines. Thus, if a wheel having a tangential rim and radial spok(\s is photo¬ 
graphed the spokes may bo in focus and the riin blurred, or vir^o versa (I'^ig. 27). In 
any oblique pencil through the lens from an extraaxial objc'ct point., tin' imaging l>eain 
nowhere (mntrar^ts to a, point when astigmatism is present (Inmcr^ tla* luinu'), l>nt. 
instead it shrinks to a pair of focal lines. Thus a series of sradions a,cross such a 
beam would appear as indicated in Fig. 28 if shown side by sid(\ In t his (igur<‘, the; 



focal line marked R points radially in toward the center of the picf iin', and hc'ina^ 
radial lines in the picture would be imaged sharply there. The otlu'r focal liiur T is 
tangential to the picture, and tangential lines in the image are sharply (hdiiuMl tlu're. 
Midway between the focal lines the beam has a circular se(^tion, which represents 
generally the position of best average definition. 
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Vignetting in a lens affects the astigmatism of very oblique pencils, because, 
when vignetting is present, the effective aperture of the lens is the intersection of two 
ellipses as shown in Fig. 28, and hence the lens apei’ture in the radial direction is 
smaller than in the tangential direction. This small radial aperture makes the 
radial focal line short, but it also gives great depth of focus to the tangential line; 
similarly, the large tangential aperture makes the tangential focal line long but gives 
the radial line very little depth of focixs. Generally speaking, the result of this is 
that the radial lines have a definite focal position, whereas tangential lines are equally 
sharp over a considerable range of positions, and indeed often it is impossible to say 
where is the plane of best definition of tangential lines in the corners of the picture. 

Curvature of Field .—If all the tangenf.ial focal lines in the image of a plane object 
are joined, they are found to lie on a surface called the “tangential field curve” of the 
lens; similarly the radial focal lines all lie on the “radial field curve” or, as it is more 
usually called, the “sagittal field curve” of the lens. These two field curves toxich 
at the center of the field since the astigmatism always va.nish(?s there, and in a well- 
(a)rrccted lens they both api^roximate reasonably to the ]>lane of the plate. The 
field curves of a typical lens ai'c shown in Fig. 29. Stopping down the lens does not 



Fk;. 2'.). 'Plu' fic'ld curvi's of a 1y|)iaa.l lens. 'I'he p!i.rt icular curve's shown a.pply to tJie 

('ookci widc'-aiiKl*'/lens. 


affiad. Ih(' positions of th('s<‘ image' curve's, but. it ineu'e'a.scs the de'pth of foenis a,nd 
shorte'iis the focal line's tlu'uese'lve's, so in practice' it, eemside'rably re'due'e's the' e'ClV'ct 
e)f Jist iginal ism on the' im;ige'. 

The Angular Field of a Lens. 'Phis is liniit e'el by t he' stale' eef eeei-re'ct ieni eef t he' h'lis 
ahe'rra t ieens, and ge'iu'riill^' the' limits e)f the' nse-fnl iie'ld eef a, h'lis b('e’.e)a>e' ve'ry e'\’iehuit. 
in a phe)l,e)gra.i)h e)f se)nie' flat eTbje'cf (thee freent e>f a, huilding, feer instaneu') take'n at full 
ape'fture' e)n ;i large' |)late'. The' limit, is usually e'Xfere'sse'el as t he' iise'ful juigular fie'lel 
ni(*asur('d e)ut w!i.rel freein t he' a.xis l)('fe)r<' eh'linil ieeri he'eaeme's le)e) bael le) be' teele'ni t.e'el; 
this should strictly he' e-a.lle'd thee “se'in ilie'lel. ” Seime'lime's the' wheele' angular eexte'nf, 
eef the usable' lie'lel is spe'e'i he'd, and se)nie'|.ime'.s tli<‘ he'lel is indieat e'el by slating the' sizee 
e)f plate' e'eexe're'd ley a h'tis of givt'U local h'ngt h. h'e>r eerelinary h'nse's, a. se'niilie'lel eif 
22 eer 2.~>'' is eeenside're'el neermal. h'e>r wieh'-.’iuglee len.se's, df)’' is a. reea.sema.l)lee limit,, he'., 
a. 90" leel.'d fie'lel. Meetieen-ieiel ure' h'use's ha,ve' smalh'r (ie'lels, lor insliUieee a, h'lis e)f 
1-in. (2r).l-mm.) local h'tigl h feer usee with Ifi-mm. meet ie)n~j)ie'l,ur(' film neee'el eealy 
e'eeve'r !i se'iuifie'ld eef bP'fiO', as e'a.eh fra.mee has ( hee elimeensieens 7.5 by 10 mm., giving 
a, eliageeiijil h'ligl h eef 12.5 mm. 'Plie' 35-nim. film has a, fra.mee eef dinu'nsions 1 8 by 24 
mni., with a. diageenal e»f ,30 mm., and ln'Me-e', whe-n use'd with ;i. h'lis eef 2-ir>. feeeeal 
h'ngth, the' se'niilie'lel is HP’IiO'. In the' Le'ie-a. a.nel eethe'r miniature' e'auu'r.'is e'eive'ring 
I we) adjace'nl fra.me's of ,35-min. film, I he' |)ieture' size' is 21 hx’ 3() mm., giving a. eliageenal 
e)f 43.2 mm., aiiel In'iie-e' witli a 2-ia. h'ns thee se'milie'lel te) bee covc're'el is 23". Wit h a. 
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3-in. lens this drops to 15°48'. A common rule is that the diagonal of the field is 
about equal to the focal length of the lens; this rule implies a semifield of aboiit 26“ 
(see Table VIII for further illustrations). 

Effect of Inserting a Parallel Plate into a Light Beam.—There is optically no 
effect whatever from the insertion of a piano-parallel plate of glass or other homo¬ 
geneous transparent material into a parallel beam of light. Hence filters, prisms, etc., 
required for use with a lens focused on a distant object should bo inserted into the 
beam before it enters the lens. 



Pig. 30. Passage of a converging beam through a x^arallel glass plate. 


i he situation is quite different if the parallel plate is inserted into a. converging or 
diverging beam. If the beam is such that its centml ray falls perp(nidi(^ula,rly on the, 
parallel glass slab, it is affected in the manner indicated in Eig. 30. Suppose' the 
beam without the slab comes to a perfect focus at tlum whtni tlu^ slab is inse'rte'd 
the focus will be shifted away by about one-third of the slab thickne'ss to B'. More¬ 
over, the foci of rays at different slopes through the plate will be^ shifte'd by different 
amounts, rcseilting in th(^ introduction of coTisidera.ble si)b(n*ical abcri’iition. 

But an oblique pencil is upset by the slab in a nuich more coniplicale'd fashion. 

In Fig. 31, if B is a, perfead, image’: peiint before' 
inserting the slab, thee image may ge.) to a. i)e)Kition 
B' after inserting the sla.l); but if A'H' is gre'ate'r 
or less than AB there will bee distortion inito- 
duced, aiul inoreeover the imagee B' will in geene'ra.l 
suffc’er from spherical abcerratie)n, eeorna, astigma¬ 
tism, anel all thee otheer al)(erra,tions elue' eait ireely 
to the passagee of the rays thre>ugh thee slab. 
The amejunts of these aheerratieens ehiee to the* 
paralkel-sieleeel slab are inehepe'neh'nt. eef t hee pe)sil ion 
t>l thee slab but deepenel e)nly on its t-liie'kne'ss aiiel 
refractive indeex. Tlu'.see re-marks apply elire'edly 
to filters inserted lietwcee'n thee leensanel the' pie'lure- 
and to refkeeeting prisms of all kinels, wliie-h a,re> 
optically equivalent to a parallel sla,b plus emee or 
more plane mirrors. 

1 lue film of 1 aylor-Heibseiii has dcsigneed speecial eeanuera leensees feir u.se' in "^reee-h- 
nicolor, for in that process a lxea.m-splitting prism must bee inseerte'el Ix'tweee'ii the' lens 
and the film; ordinary lenses would be useless here on aeeeeemnt of t he' great, t.hie-kne'ss eif 
tlie prism and the strong convergence of the rays passing through it. 

Simple Lens Tests.—Undoubtedly the simplest kest feer a plmkigraphie- hms is t.e) 
])hotograph on a fine-grain film a distant vortieeal wall eearryiiig em it sharji de-tail seudi 
as pieces of paper covered with printed matter of various sizers, d'lu' e'xpe'rime'iit 
sheiuld 1)0 done outdoors, but not in direeit sunlight, so as to seeuire; unifeirmity of 
illumination. In this way any nommiformity of illumination over the tielel, due to a 



Fig. 31.—-PaHsajpco of an ol>lifiue 
pornnl of rays through a iiarailei 
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combination of vignetting and the cos'* 4> law, will be made apparent, together with 
the quality and sharpness of definition over the whole field. To detect inequality of 
illumination most easily, the exposure should be on the short side, because then the 
underexposure produced by vignetting becomes exaggerated. Enlarger lenses should 
be tested with a cross-ruled glass screen in place of the negative, the image being 
caught on a sheet of bromide paper. 

There have been many special lens-testing benches constructed which facilitate 
the testing of photographic lenses, but the direct photographic test, accompanied by 
tests for ghost images (see page 22), is likely to be as useful and as satisfactory as any 
other for the actual photographer to perform 
himself. A brief bibliography of lens tests is given 
at the end of this chapter. 

Enlarging Lenses.—In general, the i-equire.- 
ments to be satisfied by the lens on an enlarger are 
not essentially different from those of a eaniera 
lens. There are, however, a few minor points 
which should be emphasized. Strictly, enlarging 
lenses should be designed for the approximate 
magnification under which they will be us(m 1, as a 
change in object distance may seriously upset the 
(^orre(‘.tions of a photographic lens. For instance, 
some good anastigmats whi<di give a flat fitild with 
a, distant object projec^t an image when used in ari 
enlarger which is backward curving, i.e., an image 
in which the corners are too far from the lens. 

Fortunately stopping down the enlarging lens will 
help all aberrations excerpt disf.ortion and trans¬ 
verse (d\romatic al>erration. As regards tlu'se two 
defects, it can ('asily be shown tha,t, if the lens is 
symmetrical aboid. a cuml.ral stop, th(\y will be. 
autoinaticndly nunovial whcTi used at unit, tnagni- 


t’lu. :V2. DiiiKrarn of a Fuj. DiaRrani of (he brilliant 

simple view finder. view finder. 

fi(nd.i()n. Ib'iHre, if gootl <r<)rr(M‘t ion of tlusse alx'rratlons is important, a. Ions of 
a. symnu'trical typ(^ is (o bc^ pn'bu-rt'd for use^ on an ('ularger. Incidentally, in 
t hnn'-c.olor work wit h color-.s('pa.ration m^gatives, cliromat ic: dilhu-eiuH'! of magnifica- 
(ion is a, V(n-y serious defend, and should be^ avoicbnl wluu-evem po.ssilde'. For com- 
nxnnnal c.olor work, apoehromal.ic proen^ss hmse'.s are^ made in which t.his alxnTation is 
v(U’y well cornnd.enl for all colors of (.la^ spendrum. 

View Finders. —The simph'st vi<nv finder is nnilly a small camera with a, simpU^ 
hms, a, iturror, and a ground-glass .M(u'(xm (Fig. 32), a.nd, simxs only a single mirror is 
us(xl, th(' pi«dur(f H(‘en is revcMscxl from h'ft (o right . However, as ground glass is v(U’y 
wasf c'ful of light., if is more usual ix>w fo proje<d. (lu^ image; into th(^ phine; of a vicnviiig 
lens, which is .so (du)s<'u as to projc^ct an iuiag(‘ of (he first hms info th(‘ plane of tin-; 
<)l)s<'rv(U’’s ey('s (approxima(.(dy ) ( I'’ig. 33). ’^riic; (>I)S(M V(*r t hen sc'cs a brillianf. pi(d.ure 
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in the plane of the viewing lens on which the effective outline of the field can be etched 
or marked in some suitable way. The size of the etched frame bears the same relation 
to the camera picture as the focal length of the finder lens bears to that of the camera, 
lens. 

For cameras held close to the face, a direct-vision view finder may be used con¬ 
sisting of a plano-concave lens cut to a rectangular shape (Fig. 34). The eye position 
is often indicated by a small view hole, and the field limits are marked on the lens at 
the position corresponding to a semifield <i> projected outward from th(i point F', 
which is the virtual image of E formed by the concave lens. In using this finder, the 
eye must be accommodated sufficiently to see the image of distant objects formed by 
the lens, and in a small compact camera this may be too close for convcniient vision. 
In such a case, a convex lens may be mounted at E, having its focal plane coinedding 
with the image of dista.nt objects formed by the concave lens, i.e., witli its post<n-ior 
focal point. The finder then becomes simply a reversed Galilean telescoiK'. 



Parallax in View Finders.—Since the view-finder lens is necessarily <lisplac('d t,o 
one side of the entnera, lens, the picture seen in the view finder will Ix' (^orn'cl. only for 
objects at one dis(,a.iua^, usually infinity. Some cameras th(u*efor(^ (M)ntniti a,n arrsingi'- 
jnent which automaticiilly (!aus(\s tlu' axes of finder and {^niiun’a to conv(M-g(' corn'cf ly 
while adjusting the focus so as to int<'rs(Md' at the foc*us(nl ol)j(Mit, whih* otlu'rs show 
a series of franu^s which outline the field seem at various distances, for instance', very 
distant, 6 ft. and 2 ft. 
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THE DEVELOPMENT OF THE PHOTOGRAPHIC OBJECTIVE 

By 11. Kingklake 
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Landscape Lenses. —HistoricjiUy, photograpliic^ l(nises fall into two groups, the 
(‘arly period prior to 188() and the anastigmat ptn-iod siiua' that time. In that year a 
revolution occurred in hms d(‘aign as a result of th(‘ succriKSsfid tUn'-elopnient of l)arium 
crown glass liy Ahl)e and Scliott, in Jena. 

d'ho ea.rli('st photographs were nuuh^ by placing paper covered with a light- 
sensitive niat(n-ial in the focal i)laue of a camera ohscura, the l(ms(vs used Ixdng first 
simple plano-(M)nve.x lense^s, and later sim- 
j)le meniscus “landscaped' hmses as sug¬ 
gested by Wollaston in 1812 (Fig. 1). A 
suitably desigiu'd meniscus lei\s, with a. 
stop in front of it on tlu* con<‘a,v(! sid<‘ of 
tlu^ hms, will giv<' good piclun's at //I 1 or 
//in, eovc'ring with mod('rat(‘ definition a 
total tii'ld of about 4')'’. d'liis hms is still 
universally adopted in lo\v-prie('d cameras. 

In addition to its chea,i)m'ss, this hms has tin* advantage^ of i)()ss(!ssing only two glass- 
air surface's. 

dda' lack of a.ehromat.isiu of tliis h'us was soon found to Ix^ a disa,dvanta,go., (iven 
bef()r(' t h(' caiiK'ra. obseura, Ix'canu* a phot.()gra.phi(‘ (aiinerai, a-iul t in* n(*hroma.t ic la.n,d- 
scap(' l(*ns was introdue(*d by (’heva,li('r in 1821 (Fig. 2). d'lu* i)roe.(*ss of achromatiza- 
tion antoniatieally r('inov<‘d both of t4n' chromatics nbc'rrnf.ions, thus improving the 
(h'finition in a. twofedd inannc'r. 

The Petzval Portrait Lens, - ddic' hunlscapc* l<*ns at.,/ / I I was sucec'sslull.v'^ a.dopted in 
tlie early daguerreotype iiroec'ss, but c'xposurc's of half a,n hour or morcmvc're nc'cwissary 
c'vc'u in sunlight,, ('onsc'ciuc'utly wh<*n dagnc'rrc'ot.yiu' portraiture was at.tc'midcd, t.he 

iic'c'd soon arose for a. nuicdc fastc'r hms. J. Pcd.zval, 
of Vic'una, solvc'd the* probh'iii in 1841 by thcMlc^sign 
of his w(*ll-known portrait Ic'us (Fig. 8), which is 
still poindar although its l•(‘guhu• nmiud'actun^ has 
bc'c'u aba.nclonc'd in recent years since t.lu^ introduc¬ 
tion of a.nast igina.ts of (‘ciua.l or greatc'f s[)e(Ml. ddie 
l’e1/\'a,l h'us eontaiiu'd four single' Ic'iisc's and six 
gl;is.s-air surra.e(‘S and covc'rc'd a. held ol 25'’ a.t an 
a.|)('rt.ure of// 8.4. 'This genc'ral dc'siga was subsc'ciuc'Utly iinprovc'd by l)a.llm(/y<'r, 
Voigth’uidc'r, ZituJvC'-Sonunc'r, and Sl.einhc'il, rc'aching linalfv an apc'idurc* ol//2.4. It 
suffca'c'd from tin' disadva.iit.’igc* of astigmatic dc'tects in tin' outc'r part, ol t.he; field, 
which could not bc' rc'iuovc'd so long as tin* dc'signc'r was limitc'd to the usc^ ol ortlimiry 
crown and flint glassc's. 

Orthoscopic Lenses, -d'ln^ procc'sses of t)hotogra|)h,y wc'rc* at this time undevrgoing 
rapid improvc'uu’nt, and by 1858 tin* wet-collodion proe(*,ss had beemne g('riera.ll,v 
adopted. Its rc'lat ivc'l.v high si>(n*d made* indoor a.nd archit(*ct ura.l photogra.pliy a 
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Kiu. 8. I’c'tZiVal i)()r(.rait lens. 
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practical possibility. At once the distortioa of the landscape lens and the limited 
field of the portrait lens became strongly noticeable and objectionable. In 1859, 
J. T. Goddard attempted to remove the distortion of the landscape lens by intro¬ 
ducing a cemented doublet between the lens and the diaphragm. Within the following 
few years many other nondistorting or “ orthoscopic ” lenses were introduced, most of 
which comprised two identical lenses placed symmetrically about a central stop, sxich 
as Steinheil's “periscopic” lens of 1865 (Fig. 4). The argument here was that if the 
lens is in front of the stop, pincushion distortion arises, whereas if the stop is in front 
of the lens, the distortion is barrel-shaped. Thus, when both lenses are used together, 
their distortions will neutralize each other. Some extremely wide-angle lenses wenv 
made at this time, notably the Harrison and Schnitzor Globe lens, S\itton’s panoramic, 



Fig. 4.—Steiuheil’s peri- Fig. 5.—Busch Paiitoskop 

scopic lens. wide-angle lens. 


lens containing water inside a hollow thick glass sphere, and the Busch Paiitoskop lens. 
This latter covered a field of 100° at//30 (Fig. 5). 

The Effects of Shifting the Stop.—The real advantages of the symmetriiail (ain- 
Btruotion were not at first realized. These follow from a consideration of the laws 
governing the changes of aberrations as the stop is moved longitudinally along the 
lens axis. These changes may be represented symbolically by the equations: 

Sph* = Sph ) 

Coma* = Coma -f- Iv X Sph > (I) 

Ast* = Ast -f 2/v X Coma -|- X Sph) 


The asterisk (*) indicates the value of each aberration after the stop luis beim shifted 
by an amount represented by K. Thus, shifting the stop does not affect spheriiuil 
aberration at all, but it changes the coma if sphorictal al)erra.tion is presmit, and i(. 
ibanges the astigmatism if either spheric.al aberration or coma or lioth are pnNsmd. 
In the landscape lens, the stop is placed at such a position that tlu^ coma is jnsl neu¬ 
tralized by the (/v X Sph) term in the second eciuation above'. Thus a, landscaix' 
lens must have spherical aberration if it is to he coma,-free, and, of (a)urs(', coma, is a. 
much worse defect than spherical aberration since coma increases as th<^ fii'ld incri'ast's, 

whereas spheric^al aberration is constant over tin' ('idirc 
field. The field of a landscape lens must then b(' flatteiu'd 
l)y a suitable^ choice of lens sliape. 

The Rapid Rectilinear Lens.—In 18()6, Dallmeyi'r and 
Stciidieil simultaneously and independcuUly realizc'd that, 
if two identical lenses are mounted syninu'trieally about 
a central stop, the three transviu'se atx'rraf ions-disl.ort,ion, 
chromatic difference of magnification, and coma., an* 
automatically rcmovi'd (or drastically reduced), and hence (uu-li caiinponeid, of such 
a symiru'tric.al system need not be corrected for any of these three a,lierra.t ions. 
'They therefore constructed a symmetrical lens, each half of which wa.s cornu'tcd for 
longitudinal chromatic and spherical aberration; the astigmatism was tlum nunova'd 
by placing the stop at the correct position relative to each component to make use of 
the (2/C X Coma) term in the third equation above. In this way they prodmuai tlu; 



Fig. 6.—Rapid reotiliuear 
leiia. 
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well-known Rapid Reictilinoar or Aplanat lens (Fig. 6), covering a field of 45° at //8, 
and giving ex(*<ellent definition at the center of the picture because of the good 
sphe^rical correction. 

The Petzval Theorem.—Actviall. 7 , the astigmatism in the Rapid Rectilinear lens 
was deliberately not rediuMni, to zero because that would give rather a badly curved 
field. There is a simple theorem named after Petzval, which states that the radius of 
curvatim^ of the central part of the astigmatism-free field of a lens is given by p in 

? = X(^) C2) 

wluM'e r is the radius of curvature of a surface in the lens separating materials of 
refractive' index n atid the summation to be made for all the refraeding surfaces in. 
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Fk;. 7. Thi‘ Petzval surfa<;e and astiKinsitisrii curves. 


t he loins systi'in. This sum is indi'pi'mUmt of the^ ohjeet distauee, tlu' thicknesses and 
airspac(\s in t in' sysh'in, and tin* st()[) position. li, is therfdort^ a, very inflexible quan- 
tit >’ which it is hard t.o vary or (vmtrol. Thesurfaeii whose radius p is given by Kq. (2) 
is calh'd I hc' “ Petzval surfn.ee” and nipi'csents the shape of the field if astigniatisni 
is eornvf('d. 

If a.st igmat.ism is lu-esi'iit, howevm', it is found t.hat the longitudinal distan(u>s from 
t his Ih't.zval surra.e<' to ilu' radia.l (sa,gitta.l) a.nd ta,ng(mtial (meridional) foc'.al lines, 
r<‘sp(*<’t ivi'ly, a.r<' in a rat io of 1 ; 3, as indie.ah'd in the various (';a.ses illustrated in Fig. 7. 
In <"a,so a of this (igur(\ it. is (dc'ar t.hat th<' introduction of a little nega,tivc (over- 
<‘<)rr('<‘(.e<l) astigmatism has (lath'iied tla^ cCfiMdivc Hidd, as comparcMl with case <; 
in \vhi<di t he astigmatism is zi'ro. 'The idiail ea,s<' is, of course, 
zero Pid.zval sum and zim'o astigmatism; this condition is 
rc'a.lizi'd approxiinnt.idy in t.lu^ modmai “anast.igmat” lenses 
(eas(' (/). 

Attempts to Reduce the Petzval Sum. -It soon became 
a.ppa.ri'nt that, a, tla! fii'ld fr(‘<i from astigmatism ciouhl only hc' 
oht a iiH’d if t lu^ Pi't zval sum wc'H' drast ic^ally reducrial in 
magnitiule. This could Ix^ done in threat dilhu'cnt wa.ys: (1) A 

single: h'liH could Ix^ ma,d(' t.o ha.v<‘a. low sum by giving it a, nu'nismis form witli equa l 
out-siih' ra.<lii a.tHl eonsiil{'ra.l)le Ihiidcness. "^rhis shjq.x^ a,pp(vi.rs <amimonly in many 
t >q>(*s of anastigma t, reacdiing its limit ii» t he nomiehroinutie Hypergon (I'hg. 8) whichis 
(h'sigru'd to covin' a. lii'Id of 140" at.//22. (2) In an a.e.hroinatie h'lis, if the crown and 

flint components a.re s('[)a,ra.t('d by a. finiti^ distance, the flint must be strengthened to 
eoinpen.sat.i' for its sinalh'r idTeet.ive diamider, a.nd this will at oiie.e reduce the Petzval 
sum. (3) '‘Ih fulfill tlu^ Petzval sum and also the achromatic condition in a rcasou- 



Fin. 8.— Hypergon 
wide-angle lens. 
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ably thin cemented doublet, the ratio of the V of each glass^ to its *^^ ^*^^ '*' * '”* ,* 
must be the same. Unfortunately in ordinary crown and flint g asse s u 
change in opposite directions, as indicated in Table 1. 


Table I.—Index and Dispeksion of Old Types of Glass 


Type 

Index n 

CouHtriup:on<'e V'' 

17 


1.5175 

(30.5 

89 

Extra—liffil'h flint .... 

1.5290 

51. (V 

8:3 


1.574t) 

41.4 

. 


1.0041 

:37.8 ' 

2:3 , 

Extra.—H flint ..... 

1.7402 

28.4 







However, by the use of barium glasses introduced by Schott and Ahlx' in 
it becomes possible to select pairs of glasses in which the values ol 1 i'H ate (In 
(Table II). 


ISSC). 

satin* 


Table II.—Index and Dispersion of Some “New” Glass I’m us 


Type 

Index 71 

C'onHt.ringuiu'e V 

V/js 

Barium flint... 

1.05,80 

4(» 2 

27 9 

Tiglit flint.... . 

1.5(374 

4.8,8 

27 

Dense barium crown. .. 

1 . (3098 

58 8 

:VA 1 

Extra-liglit flint. 

1.5290 

51 . (3 

^ 88 S 

Dense barium crown. 

1. (301(3 

59 9 

\ 87,8 

Telescope flint. 

1.5151 

5(3 4 

87 2 
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The first lens to include these new glass pairs was t he Ross Goncent ric ( h'ig. tO 
designed by Schroder in 1888. This lens was a synuiu^trical syst.cuu of two tint -liehl 
achromatic landscape lenses; not being sph(U'ically corn'ctcMl, its a])<'rtui-(' was lituitc<l 
to//16, but it satisfactorily covered a, wide field. 

Now to correct the spherical aberration of a thin c,(uu('nt('(l doublet it is nec<‘ssar\' 
that the convex element should have a lower index than the couca\'(\ as in th<" Rapid 



Fjg. 9.— Ross Concen¬ 
tric lens. 



Fig. 10.— Protar 
lens develoi)e<l l)y 
Rudolph. 



t'lo. 11. Pi-olar,/' t..‘) 

U'tl.S. 


Rectilinear type, but in a new achromat combination tlu' (a)uvex ('huiH-nt inu.st h;i\ e ;i 
higher index than the concave. It is thus impossihh' to dc'sign a thin sphcricallN 
corrected achromatic lens of the new glasses. Dr. Rudolph of tlu' Zeiss ('otupanv 
realized this, and in 1890 produced his Protar lens (Pig. 10) (^insisting of an old t \ |ie 
achromat in front, and a new achromat behind. The front huis wa..s given a \-ery low 
or zero focal power, and it had enough overcorrected spluM-ieal aherr.ation to e<tni 

1 The F-number of a glass is the reciprocal of its disriorsive powon-, or V = (ni> - 1 )/O/r' 11 

i.s sometime.s called the “ constriugence” or .Abbe number of the gln.ss. 
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pensate the inevital)le spherical undercorrection of the new' achroinat rear element. 
Similarly, the glasses for the rear element w'ere so chosen that the Petzval sum of the 
rear would compensate that of the front element. The shapes of the lenses were also 
chosen so as to correct the coma and astigmatism of the whole system. 

The Pro tar lens, as first made, operated at //7.7 or less. Plowever, its aperture 
was subsequently raised to //4.5 by changing the rear component into a triplet (Fig. 



Fit}. 12. — Goerz Fio. 13.—Symmetrical Flo. 14.—^Voigtlander Ool- 

Dagor. double-protar lens. linear. 


11) ill which the positive barium c.rowm (dement was dividcMl into two jiarts placed 
one on ea<di side of the light flint lu^gative elcMnent. 

In 1893, as a result of the simultaneous and independent activities of Rudolph at 
Zeiss and von Ilik'gh at Goiu'z, the old and new achromat ehunents of the Protar were 
combiiual into one. Tlio Zeiss Triple-Prota.r a,nd tlie Goerz; Dagor wer(^ practically 
identical designs, consisting of a symnudrical arrangement of two cemented triple 
elements (Fig. 12). 10a.ch (dement \va,s in ('xt(u-na.l form a thick uumiscais lens, this 



Kig. If). Watson liolo- 



Fig. 1(>. lUMolu^rt. (%>Tn- 
1 >iiia r. 



Fkg 17.---RiotzHohol 
Linear. 


shnpo h(^l[)ing to th(‘ Fc'tzv.nl sum in nddilion l-o flatt<aiioj>; t-lu‘ fk^ld. ''riu’; 

in(H<M\s in t h(‘ onh'r hij 2 ;li-ni(uliiiiu-l<)\v while* t h(^ F-niunlxa’s oF fh(^ 

ji;lass(\s \vvv<\ r(‘sp(M*l iv(‘ly, lii^h-low-hi^h. Thus, if n.n inia|j:iuajy Iin<^ is dr:iwri to 
l)is(M’,t. iJii* iniddh* Unis of (\M(di ('hniund., (he outside* doiihhds an*: evidontly lunv acdiro- 
rnatoS and t lu* iiisidi* douhh'ls iu*<‘ old nidironuifs, 

III tin* sanu* y<‘ar, Rudolph d(\si^’iH*d (h(* (*011 vend,ihh* doul)l(^-prolar huis (hdg. 13) 
in wliiidi tin* n<‘\v and old aidiromats w(*r(* dir(*(dly ecuiHuddMl tof>;(dh(*r forming (puid- 




I 


I 


hd<i. P.h Ctoerz Ckuivertihlo Fi(i. liO. Half of Turnor- 
Anusti^mat.. convertible lens. 


riiph' (‘l(uiH*iits, whicli w(M’(‘ t h(*ii inount inl sy nnuet rieally iu pa.irs aLouli ii (auit raJ st-op. 
B<*e;ius<* of t hi| 2 ;h d(*p;r<*(* of eorn'ct ion of t h(*se (diuiKuit s, t.h(*y could b(* iis<^m 1 S(‘pa™ 
ra l (dy as a iiast ifi;niat i<* la ndsea jx^ l(ais(\s a i.// 1!2 or coiul)iu(*<l t.o^(*t heu' in pa irs to nuiko 
a “s(dd^ of inl.(*r(dian^*(aal)l(* hMis(\s. ddnis hy havinf*; a. “s(*td^ ol t hr(*(* l<‘ns<*s oi dilliu'cnd. 
foci, six possihli* r()(*a,l huifzjths (X)u!d hi* <)!)tnin(*d. ddiis d('sipi:n is still hirjijoly usial hy 
(‘onunercial photo^j;raph(*rs. Ot lu‘r va.ria.lions of t Ih*s<* sy innad rical c<un(nit(al ana-st ifi;- 
inats soon followiah kSoiih* typical (‘xaniph^s are f>::iv(ui in ''Fable III: 
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Table III.—Symmetrical 

Manufacturer 

Two Triplets 

Busch Leukar. 

Goerz Dagor. 

Gundlach Perigraphic. 

Bodeastook Eikonar... 

Schneider Angulon. 

Schneider Symmar. 

Steinheil Orthostigmat. 

Voigtlander Colli near. 

Watson Ilolostigmat. 

Convertible Protar 

Zeiss Ortho Protar i. 

7 j eiss Tri p 1 e P ro tar. 

T*wo Qundru'plets 

Beck Bystigiuar. 

Goerz Puiitar. 

Reichert Gombinar. 

Rietzschel Linear... 

Simon Octanar. 

Zeiss Double Protar. 

Two Quintuplets 

Goerz Convertible Anastigmat Series II. 

Turner-Reich lens. 


Anastigmats 

Lens System 


+ : (Pig;. 12) 

? 

? 

— + — : (Fig. 15) 

■+“* + : (Fig. 12) 
-h H- — : (Fig. 14) 

"h -f* — ; (Fig. 14) 

-- d-: (Fig. 15) 

- -4-: (Fig. 15) 
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These completely cemented symmetrical lenses do not j^enerally oxccmhI //0.3 
in aperture, with some exc(^i)tion,s \ip to //4.5, hut they cover a wide: field of as much as 
90° in aorne cases. Some of the i ripleta are cron vertihle hut {generally only at rcaluccd 
aperture. In some' ease's a front lens of one type ia (a:)nv{u-til>le with a hack h'us of a 
different type^ such as llic' Polyplast of Dr. Stable (Fig. 21). 



The (U^nverlihle Icms lias largc'ly disappc'arc'd from aaiiatcnir usc^ wit h t hc' advc'nl of 
fixed-lens hand camc'ras. 'To usci a. convc'rtihh' lems adecpiatc'ly, a tripod and focusin>»; 
sc.roen are rcially lu'ca'ssary. 

In rec'.ciut years, (a)nsid('ral)le improvements havc^ hc'C'n made by sc'parat inj>; one or 
moni of thci lensc's in the.se symmc'trical typers, and in somci easels dc'partin^' fi'om sti'ict 



Fig. 23. — Fio. 24. —Schneider Ortho- Fro. 25 .—Meyer Kino-Plaa- 
Half of Taylor- .Vrigulon. mat, 

Hobson converti¬ 
ble lens. 


symmetry. For example, in the Meyer Plasm at//4 22), the two len.ses nc'an'st 

the stop in the Goerz Dagor have been detached, the .same type of const,met ion being 
adopted in th(' Ross //4 wide-angle Xpres, the Schulze Euryplan //(>, th(' Huseh 
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Stigmar//6.3, the Bausch and Lomb Aero lenses, and the Zeiss distortionless Orthom- 
etar//4.5. Some advantage has been gained by separating the old and new achromaJts 
in the double-protar type, for instance in the new Taylor-Hobson Series 15 con 
vertible anastigmat //6.8 (Fig. 23). The Schneider Ortho-Angulon contains two 
symmetrical quadruplets in which the inner elements have V)een detached (Fig. 24). 
The Meyer Kino-Plasmat//1.5 is an extreme variant of these nearly symmetrical 
types (Fig. 25). 

The Cooke Lens.—These recent developments I'epresent the limit to which the 
wide-angle symmetrical “continental” type of lens has been carricHl. At the other 
end of the scale, we havt' the P(5tzval portrait lens and its variants, which have a larg(^ 
aperture (up to about /'2.4) l)ut cover only a ratlu^r small field (20°). The limit along 
this line is th(> rcnamt Zeiss H-Biotar for motion-picture photography of X-ray images 
on fluorescent screens, whicdv has an ap<u-t.ure of //0.S5 and covers a field of only 
14° (Fig. 26). 

In ortler to provide a. lens having intermediate properties Ixdween these “conti- 
mmtal” and “ Pet zval” typ(^s, H. D(‘nnis dViylor in 1893 and suciccavling yo^ars devel- 



Fui. 20. Zeiss ll-Biotar for ino- 
(iou-i)ieture X-ruy photography. 



Fitj. 27. -Cooke 
lens witli nega,five 
element, mount.ed be¬ 
tween positive ele¬ 
ment H. 



P I o . 2 8. — Beck 
Neostigmar, of the 
(tooke typo. 


op('<l the w(dl-kn<.)\vn ('ook<' hms in which I lu' P(d./.val sum is nalma'd by separatiitg 
t.lu' const.itiuMiIs of an achroma.t.‘ simi)l(“ s(q)a.ra.t(sl doubhd, would suffer from 
v('rv l)a(l dist.orl ion and t r!i,nsv(‘r.s(^ color; t.laaa'forc, ''I’a.ylor dividial th(^ positive 
elcuK'nl. into two a.n<l inouiitod Ihc' m“ga.tiv(^ i'hmu'ul. Ixd.waam tlnnn (Fig. 27). 
All hough it is t In'orcl icaliy possil)lc (.o design such a lc;ns using old glass<'s, lie shortened 
I h(^ .systi'in and imuh* t lu* corn'ct ioiis I'asim' l)y using barium crown iiistca.d of ordinary 
crown for the: couvi'x (^hmuMits. This type of hms emn be imide in apertures up to 
f li.F), to cover a. liidd of fu)", and lias the gri'a.!, a,<lvn,iitfi.gc's of weak mirvcs, few com • 
pommls, and no cmmmtod siirfaci's. At (h<' .sa.mc: (imc: it, lias six gla.HS-a.ir surfaites, 
hut if the iris is phicisl in t lie rear a.irsi)jua' no troulilc from ghosts or [hire spots is 
ordinarily encountered. 'I'lic (iookc (yp<' of hms is nia.de by ma.ny firms and has heeii 
ri'ga.rded as (In' major real invi'iit.ion in lens design since tlu^ a,<lv(mt of the imw glass 
ty|)('s. '^riic B(‘ck Ni'ostiginar is really of (he Co<)k<i lyin', wit h (he diaphragm {)la.c.<al 
in tin' front airspnia' t I'dg. 28). 

'PIk' np('r(ur(' of tin' ('ooki' h'lis was raisi'il t.o //2.3 in 192.5 hy Hii'llidie in tlni 
Astro d'achar h'lis (!'. S. Pat. 1.510752), and in 1920 by I.t'e in (In' Taylor-Hobson 
/ 2.r> Sp('('<lie h'lis, l)y splitting the n'ar positive ('h'nienl, into two closely ,spaced posi¬ 
tive h'H.si's (h’ig. 29l. Mvc'ii (In' rci'i'iit Zidss iSonimr lens (h'ig. 30) eov’eriiig 45° at 
/ 'l.,5 may he n'gardcal as a development, of the (kiokc type in whie.li bot.h the middle 
lU'gativc' lens !ind (In' ri'ar positive' lens liave* hei'ii made into cemented triplets, 
altliough, of eonrsi', it by no means follows t hat this design was aetnally arrived at 
by snccc'.ssivi' modiliemlions from (lie original (.fooke type'. 

i'I'avi.ou, H. I >., Oiiticiil I as an Art, Optical Hoc* {London)^ 24, (1923), 
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Another modification of the Cooke lens is the Aldis lens (Fig. 31) tU'signed in 
1901 by H. L. Aldis, to cover 35° at//6. In this type the front two hnisea are thick¬ 
ened and cemented together to form a low-power negative system of such a ahai)e as t.o 
correct the aberrations of the single positive lens forming thci rear clement. 



Fig. 29. —Taylor-Hobson Fig. 30. —Zeiss //l.S Fig. 31. — .Vhli.s 

//2.5 Speedic lens. Sonnar lens. lens; inoditientiou of 

Cooke lens. 


The Four-piece Lens.—In connection with the CVioke lens aboves il was nuud i<>ne<l 
that the Petzval sum can be reduced by separating the positive: arul tu'gnt ivc* chmients 
of an achromatic doublet. If two such separated doublets are mounted symimd rically 
about a central stop, a lens is obtained which offers even more possibilities for a good 
design than does the Cooke lens. Two independent series of designs based on this 
general principle have been developed, one in which the four lensc's ar(‘ all biconvex or 
biconcave and the other in which all four lenses are meniscus-shaix'd. 'I'Ih' first form 
is exemplified by the Goerz Celor//4.5, designed by von Ili'x'gli in I SOS ( h’ig. 321. 
Later modifications of this type are the Goorz Dognuir, the Stiaidicil Fnofocal, ami 
the Taylor-Holison Aviar. The second form may hc^ said to h;i\’(' originated in the 
Alvan Clark lens of 1889 (lb S. Pat. 399499) in which two Gauss-typ<‘ t<d(‘sc()|)(' 
objectives were combined together with their concavi^ sidi's ^a.<^i^g a central stoj). 




Fig. 32.— Fig. 3.3.— Ross Homo- 

Goerz Oelor centric. 

//4.5. 



Fig. 33a. -Bausch 
iind Ijonil) !'()g;()n. 



of 


The Gau.ss telescope objective consists of a immiscus-sluiixal crown and Hint clenanls 
in close contact and is characterized by being spherically corna-ted at two diilVrenl 
wavelengths, thus having exireptionally good splu'rical cori-ectaon Ihrouglioul the 
who'e speidium. One of the first ii,nastigma.ts t,o <'nd>odv this prineiph* was the 
Ross Homocentric (Fig. 33) and the identical Meyer Aristost igmaI desijriual l.v 
Kollmorgeu in 1902. The type is still being adopt,ec’l for sonw' purposes such as the 
//10 process lens of Bausch tind Lomh. An ext,r(*tiic' (‘xainplc of this form is the 
Richter lens (U.S. Pat. 2031792), the same type of const,met ion Ixung ado|)(<al in tin' 
Bausch and Lomb Metrogon (Fig. 33a). The glass types employed in (h<-s.- svm- 
metncal lour-piece lenses are generally barium crown and light (hut, but it is .pidc 
possible to satisfy the Petzval sum with old ghisses as was shown bv Martin in (h<- 
Busch Omnar in 1902. Rudolph tried mixing the Cblor a,n<l I loinmam t ri,- types bv 
iismg the front half of the Color with the rear of the Mo.mxan(ric lvp,^s in his Fnar 

lens (hig. 34), but it wns not long manufactured. TUv VVrav bustrar is also of t lii^- 
general type (Fig.. 35). 

Variations of the Celor type soon appeared. For examphp Goorz mad<- I h<‘ (wo 
negatives into cemented triplets in the Ahd.har pnxasss tens (I-’ig. 30), and Rudolph 
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raised the aperture to //3.6 with a 65“ field in his symmetrical Planar lens (Fig. 37) 
by making both negatives into hyperchromatic negative doublets. This Planar type 
has provided the inspiration for a number of recent unsymmetrical lenses of extremely 
large aperture such as the Taylor-Hobson Opic//2 (Pig. 38), the Zeiss Biotar//1.4 



Fia. 35.—Wray Lustrar. Fia. 36.—Goerz Alethar process Fig. 37. — R u - 

lens. dolph’s symmetrical 

Planar lens. 


(Fig. 39), the Schneider Xenon //2, the Bausch and Loml:> Ray tar//2.3, and the 
Kodak Ektar f,'2. In extreme cases the rear positive lens is also doubled, either 
cemented or seixirated, as in tlie Xenon //1.3. The Portrait Euryplan (Fig. 40) is 
really of the Planar typo. 



Fuj. 38.—Taylor-Hobson Fig. 30.—Zeiss Biotar, Fig. 40.—Schulze Portrait 

Opic //2. //1-4. Euryplan. 


'The Ernostiir l(‘ns//1.8 (Fig. 41) dcsigniMl in 1924 by B(u-tel(‘ is a, rour-piece lens 
in which the si'cond negnl ivc has beim made: into a. ( hi<dc cennuh I'd trijili't.. I lu^ M(\yer 
Frirnoplan //1.9 is similar, but the scs-ond lens is a doublet of dei^i) meniscus form 
(Fig. 42). In the Taylor-IIob.son Super-speed Pa,nehro //1.3, tliC! si'cond Imis is a 
douhh't ami tlu^ rear a, tri[)l('t (Fig. 43). 



lens designed by Bertelc. nioplnn//I.9. .son Suiier-spced Panchro, 

// 1 . 3 . 


The Tessar Lens.—By cementing toget.her th<i riair (‘hmumls of an musymnudrieal 
(.'<4or-type lens, Rudolph in 1902 produciMl tlu^ 'IN'.ssar Urns (b'ig. 44), which is iiroliahly 
the liest known and most generally used (yp<^ of hms produei'd in recent times, 
d'he glasses are the familiar dmise hariuin crown for the posit ives and light Hint for t he: 
negatives, and the airspaia^s a.re adjust(>d to lulfill the Pct,zva.l sum. In a, stmsi', t.lu? 
d'essarcan be regarded a.s an extmision of the C'ooki* thri'e-hms typ(b hut it is, perhaps, 
more accurate to ri^gard it as a logiiail .sirnplilication ol thi^ four-lens typi^ ot construc¬ 
tion. Anothtvr view is that the 'Pi^ssar is a e.ombinat.ioa of th(^ front halt ot a. Cooke 




4G 


HANDBOOK OF PHOTOGRAPHY 


lens with the rear half of the original Protar lens. The Tessar lens has been made in 
apertures ranging from//15 as an apochromatic process lens, down to//2.7 for cine 
purposes. The field runs from 45 to 75°, depending on the aperture and focal length. 

Modifications of the Tessar Type.—The first modification of the Tessar type of 
construction was the Voigtlander Heliar //4.5 (Fig. 45) and Dynar //6 (Fig. 46) 
designed by Harting in 1902, in which both the front and rear positive elements are 
made into cemented doublets. In a sense, these lenses ai’e thus modifications of the 



Fio. 44.—Tessar lens Fio. 45.—Early model of Fio. 46.—Voigtlander 
designed by Rudolph. Voigtlander Heliar lens. Dynar. 


Cooke type. The Dallmeyer Pentac//2.9, designed by Booth in 1919, is of the same 
general type as the Dynar. The modern Heliar lens is also of the Dynar type, the 
original Fleliar type being no longer made. In 1903, Harting designed the Oxyn 
//9 (Fig. 47) for process work, in which the front element of a Heliar was combined 
with the rear of a Dynar, This lens also is no longer made. In the Voigtlander 
Heliostigmat (Fig. 48), the front lens is doubled but the rear lens is a singh; positiv(^ 
element. This is a kind of inverted Tessar type. 




Flo. 47.—Oxyn lens de¬ 
signed by Harting. 


Flo. 48. — Voigtlander 
Heliostigmat. 


The Zeiss Bioti'ssar//2.7 (Fig. 49), designed by Min’te in 1925, is really Ji. Dynar in 
which an additional thin positive lens has been cemented to the front faia' of IIh* nvir 
doublet making it into a triplet. 

Another inodifiiaition of the Tessar is tlu’^ Ross .Xpres (1913) in which tlu' ri'ar 
hms is a. triplet instead of a doublet (Fig. 50j. This is made in jipertures frotn / 1.9 
t(>//4.5, and covers a field of about 53°. The Gundlacb Radar (Fig. 51) has also a 
triplet rear elmnent. 



Fro. 49.—Zeiss Hiote.ssar Fio. 50.—Ross Xpro.s. 

//2.7. 



1 

1 





1 

1 

tl 
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Fio. 51 .-—Gun d la (ill 
Radar. 


Telephoto Lenses.—A telephoto lens consists merely of a pair of wid(dy spaiaal 
positive and negative elements. In such a system, the prine.ipal points are shifti'd out 
beyond the positive element so that, if this positive lens is turned toward llu* objia-t, 
the true or equivalent focal length of the system will be mucli greater tlia,n the ba.ck 
focus. Hence a lens of long focal length, giving a large image, can be used on a small 
camera havmg a short bellows extension. The earliest telephoto lensi^s w(U'e nuMcdy 
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small Galilean telescopes with the eyepiece racked out far enough to project a real 
image on the photographic plate. By 1891, optical manufacturers began making 
achromatic negative lenses in adaptors by which they could be mounted behind ordi¬ 
nary photographic lenses. Such “telenegative” lenses were rather unsuccessful on 



Fui. /)2. -Busch Hiatelar, 2 X, Fio. 53.—Zeiss Magnar 3X, //lO. 

// 7 . 


a<a‘ount of the low spiMul and poor correction of the whole system, but at//ll or less 
they could Ix' u.s<'ful. By varying the separation of the telenegative lens from the 
j)ositiv(‘ liMKs, tlie over-all power of the system could be changed, such adjustable or 
Pauerat ic lens(‘a giving a, rang(' of from 2X to 8X magnification. 



I'lii. rd. I )!illnu'yer Diillon//5.G. Fio. 55.—Taylor-Hobson 2X, 

//3.5 telephoto lens. 


TIowever, it was soon realiiK'd tha.t even a magnification 2X is a very considerable 
advantage, and in 1S9<S Zeiss produced a. eotnplet(“ telephoto lens of 2X to 3X power, 
at, an api'rlure of / (1 to // 10 . ThiH was followed l)y other fixed-focus telephoto lenses, 
notably IIh' Buseh Bistelar 2X //7 (Pig. 52) designed l>y Martin in 1906, and the 



Fui. 50. Tiiylor-llohsou 2.3 X, //5 Fio. 57.—Zeiss Tele-Tosaar. 

(ii.slort ioiili'SH I I'h'pholo. 


Zeiss Magnar BX (I'ig. 5.3) // 10 hy Budolph and Wandersleb. Both those systems 
eon.sisteil of a cemented positive doiil»h‘l in frontand a, cemented rear negative doublet. 
Most inannfmd.un'rs ha ve made telephoto types sinee 1900, of various constructions. 



I lyiiar, /0.3 l(>na. Dynar //4.5 lens. 

but the aix'rturi' reimdned low until thi^ Da.llnx'yi'r Dallon//5.0 lens (I'^g. 54) designed 
by Hix.tli in 1910, ami I he'raylor-Ilobson 2X telephoto//3.5 by Lee in 1925 (Fig. 55). 
'I'he inevitable distortion of ordinary teh'photo systems was finally overcome by liCe 
in the d’a vlor-! lol )son distort ion h‘s.s t<h‘j)hot o//5, 2.3X (big. 56). 
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Other types of telephoto lens are the Zeiss Tele-Tessar (Fig. 57); the Voigtlander 
Tele-Dynar (Figs. 58, 59); the Ross Teleros (Fig. 60) and Telecientric (Fig. 61); the 
Stable Neoplast (Fig. 62); the Plaubel Tele-Makinar (Fig. 63); the Sehneider Tele- 
Xenar (Fig. 64); and the Goerz Telegor (Fig. 65). 

The telephoto lens is now enjoying a new lease of life with the advent of miniature 
cameras and amateur motion pictures on 16-mm. film. It should be pointed out, 

I 


I 

Fig. 60.—Ross Teleros. Fig. 61.— -Ross Telocentric^. 

however, that for these purposes some firms sell ordinary lenses of nda,lively long 
focus under the name of telephoto lenses, which are designed to give la,rg<‘r pict.un's 
than are obtained with the standard lens for that type of camera,. This iiractiec' is 
justified by the much better definition and larger aperture obtainable witli ordinary 
lenses than with real telephoto lenses. 

Reversed Telephoto Systems .—In some cases, particularly with vcu-y short-focus 
lenses, the working distance (or back focus) is too short to acaamnnodatc* auxiliary 
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Fig. 62 . —Stable Neoplast. 



Fig. 03. — Pluubc^l 
Tele-Mukinar. 


apparatus such as the mirroi’ in a reflex camera., the shuttcu" in a. ciiu' (’ann'ra, and in 
particular the beam-splitting prism of a Technicolor ca.in(>ra.. In such case's Ihc'rc' is a 
real advantage in placing a negative lens in front and a, positive Ums Indiiud. 

A notable example of this general construction is the Hill Ic'ns made by Hock 
(Fig. 66) to photograph the whole sky in a singles picture'. 



Process Lenses. Lenses for making half-tone and ot.hc'r priuHng l)locks an' 
designa.ted “process lenses” and usually operate at approximatc'ly unit inagnilica.< ion 
and at low aperture (say f/lO to //30). For those reasons a symnu'l.rical <vp<' of 
cmustruction is generally adopted, favorite types being the Feior or I lonmc'cn (ric 
forms containing four separated single lenses. Actually for pliotograpidng bl-mk 
hues on a white ground, the stray light due to intc'rnal inflection lad,ween c'igld gla.ss-- 
IS liable to cause loss of contrast, aiul it is likely t hat churi'r n'producf ion 
might be obtained if a lens having fewer glass-air surface's such as the Dagor w<‘n‘ us('<l 
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It is clear that a high degree of freedom from distortion is most necessary in a proc¬ 
ess lens, especially in one used to copy maps or any other diagrams on which measure¬ 
ments are to he made. All aberrations other than distortion and transverse chromatic 
aberration can be eliminated by stopping the lens down to a small aperture, and the 
two latter aberrations will also vanish if the lens is symmetrical and used at unit 
magnification. However, in lenses suitably designed, these two aberrations can 
be made negligil^ly small even for magnifications other than unity. 

For three-color process work, it is clearly essential to use a lens in which the 
transverse ciiromatic aberration is very highly corrected, since the size of picture 
produced must be identical in red, green, and blue light. Such a lens is called an 
^bipochromatic j^roeess lens/^ ami ordinarily rtupures very careful choice of glass in 
its design. 

Enlarger Lenses.—In gxmeral, the ixMiuireinents to l)e satisfied by an enlarging 
hn^s a,re not essentially different from thos(^ of a process lens. If an ordinary camera 
Itms is used for (udarging, trouble may arisen ])ecause such a lens has been designed for 
us(i with a dista-nt ol)j(H‘t, and in an enlargcn* it operates at a magnification of one or 
two only. TIh^ eff<u‘t of this may be that a. lens having a wcdl-corrccted flat field 
wIkui us(m 1 on a caim(‘ra, lia,s a curved field on a-n enlarger, and the definition may 
b(M‘()me wors(‘ si ill on a<*(*ount of (*oma and other aberrations which disappear when a 
<lista,nt ol)j(a*t is \is(m 1. Stopping the Icms down will assist all these defects except 
(list.ortion and tra.nsv(‘rs<‘ (diroina^tic alxn'ra.tion, as was mentioned above under 
Fr()e.(‘ss L<‘ns(\s, In(*i(l(mtall\u lor thrca'-c.olor separation work, a.n apochromatic. 
obje(*tiv(‘ is r(ainy luaa^ssarv, for (‘V(‘n tln^ r(\si(liuil longitudinal chromatics aberration 
of an ordinary Icmis ina\' givc^ a blurrcal real image' with jx'rfc'c'tly sharp hliu^ a.nd green 
image's. 

Aero Lenses. Tlu' Ic'iisc's usc'd in ac'rial pliotogi'a.pli>' fall into t.wo groups, viz.y 
lhos(' for ac'i'ial survc'ving and ihosc' for military |)ur})<)s('s. In iJu^ first group thc'; 
apc'rtiirc' iic'c'd not bc' high as at'fial surv'c'ving is (*.arri('d out only in pc'rfec'.t weather 
with bright sunlight, and it is doubt fid if siudi photographs woidd be talcen a,t an 
apc'rtiu’e grc'atc'r than / S or / II. On tiu' othcu* hand, distortion a.nd to a, lessen* 
e'xte'iit e*()!ua aad t rans\'e'rs(‘ (diroinatie* abc'rration iniisli Ix' emrrc'ede'd (o a veu'y high 
eh'gre'e* since' c'xt rc'ine'ly |)!•('<• is(' nu'asiire'rne'ids a re' 1e> he' iiuidc' on t he' phot,()gra.plis tiUken) 
from th(' airplaiK'. It goe's without saying too tha/t the' eU'fmition ove'r the^ whole 
pie't ur(' must 1 x* v(‘ry sha rp. 'Tlu' achroma t ism should t e'iid toward tin' grea'ii or yedlow 
rt'gions of 1h<‘ spe'ctruni as a xatlow haze'-cut t ing lilte'r is invariably use'd in surveying 
work, 

ld)r military pui*pos('s, how a spe*(*d of at h'ast //‘l.f) is ne'(‘e\ssa.ry since' f)ie*.ture's 

must ofte'H Ix' inad(' in poor light, hut distortion lu'c'd not. Ix' (|uite' so Idgidy (‘.orrexde'd 
as is n<'c(‘ssary for map making. Ne've'i’t lx‘l(‘ss good distort ion e'orre'ction is va.luable^ 
if it ('an Ix' obtaimal, for tlx'ii t Ix' same h'tis <*an Ix' use'd for surve'yitig if de'sire'd. 

In all a ii’plam' woi'k, a long focus is de‘sirabl(' to give' a large'”S(*a,l(' photograph whem 
take'll at a consifIm-abh' altitude'. 

Lenses for Infrared Photography, As w as mc'ii t ioiu'd above' umle'r t he' ele'se*r*i[)i,ie)n 
of (’hromatio alx'rration (page' dO), w he'u a h'lis is ae'hroina t ize'd by llx' us(' of e'rown 
and Hint glasst's, tlu'ro is oru' particular w a vi'h'iigt li for \vhi(*h the' fex’us falls close'st. to 
tin* l('n.s. If a h'lis is iutmuh'd to Ix' list'd spt't'ihcally in tlie' infra.re'd, v’.t'., for wave’;- 
h'ligt lis 1 x't wt'e'ii 0.75 ami 1.2 x. t he* minimum focus should Ix' at. pe'rha[>s 0.0 or 1.0 ju, 
i list ('ad of I x'ing at (l.oo as in v isiia I aedi rom a t ism, e a* a t ().*1S for ])liot.e)gra.[)liic a^ediro- 
matism. ddius, h'lise's for iiifrare'd ust' must he* lit'avily ove'rcorre'c't.e'd chromatically. 

Sin('(‘ a h'lis aediroma t izi'd in this way would Ix' \'irtually usc'h'ss in blue' light., a.n 
iiifrare'd lilte'r is some'tiine's iiu'orpora t('d into tlu' h'us to i)n've'nt its use' for othen* 

l)Ui‘])OS('S. 
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Portrait Lenses. —Any lens of suflS.cient aperture may be used for portraiture. 
xVloreover, as was mentioned on page 26, good perspective demands a long focus, 
consequently portrait lenses are usually somewhat large in size. The field to be 
covered in portraiture is usually very small, and consequently a lens of the Petzval 
type is really surprisingly satisfactory. 

For artistic photography, there is a considerable demand for "soft-focus” or 
"diffusion” effects. These effects can be obtained by placing over the lens a diffusion 

attachment, which is merely a glass disk carrying 
ridges or other means for diffracting a portion of 
the light. Some lenses are, however, specially 
designed to give a softness of contrast by deliber¬ 
ately leaving a suitable residual of spheri(^al or 
chromatic aberration, or both, in the d(\sign. It 
is essential for this purpose that the definition 
itself shall be good, but thcire must be n, softness 
or diffuseness of the light superposed on the image. In some lenses variable diffusion 
may be obtained by sliding one lens along the barrel. In other cases, the diffusion 
can be varied by stopping down the iris diaphragm. An interesting d<isign for 
diffuse portraiture is the Dallmeyer-Bergheim lens, which consists of a telephoto 
combination of two simple lenses with variable separation to give variable sizes of 



I’lo. 67.—Dallmeyer-Bergheim 
diffuse portrait lens. 
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pictures (Fig. 67). 

Anamorphic Systems. It is occasionally desired to have a lens which will give 
different magnifications in two direc¬ 
tions.^ This is possible by means of 
cylindrical lenses used in the manner 
indicated in Fig. 68. If the two lenses 
are equal in power and arranged with 
axes perpendicular to one another, the 
magnifications in the directions of the 
cylinder axes will be m and 1 /w, respec¬ 
tively. The value of m will become greater, the greater the sc'pnraf ion Ix'lwca'ii llu' 
lenses. The relative values of the magnifications can be altered by using two I('n.s<\s 
of unequal focal length. If one cylindrical lens is rotated rclabve to ( he ot luu-, I he: 
image of a square becomes distorted into a rhomboid. 

Supplementary Lenses.—The.se are lenses intended to b(^ atlM,eli(>d to (he rront. 
<f an existing lens to lengthen or shorten the focal length. They ar<' gcuierally simple; 


Fig. 68.—An anamorphic optituil Hy.stein. 



Fig. 69. Passage of light rays through a portrait-attachment Buppleinentary len.s. 


meiiiscu.s landscape lense.s, designed to work with a stop situatc'd at t he; <‘nt raiua^-pupil 
of the existing lens, as indicated in Fig. 69. If the supplementary huus is positive', 
the over-all focal length is shortened, and on a focusing ca,m<u-a, the picture .s(H>n will he 
reduced in. size. 'With a fixed—focus camera such as a cheap box (‘ 4 i.m(U‘a, tlu' addition 
of a positive lens in this way enables close objects to be photographed. The^ (horn'd 

1 For a full discussion of the various mean.s by which this may be attained, ace Newcomer U S 
Pat. 1932082 (1933); 1945950 and 1946951 (1934). ’ ‘ 
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distance of the object is then marked on the lens mount, and the auxiliary lens becomes 
a "portrait attachment." 

If a negative lens is added to an existing lens, the focal length is increased, and a 
larger picture results. The original Dallmeyer Adon lens was an interesting extreme 
case of a supplementary lens, for the Adon was a 2 X Galilean telescope system; if the 
telescope were focused correctly for infinity, it would serve to double the size of the 
image of a distant object without upsetting the focus adjustment of the camera. 

Astronomical Photographic Lenses.—At first, astronomical photography was done 
by merely placing a photographic plate in the focal plane of an ordinary telescope. 
However, in such a case the field of view is very small, being only about a degree in a 
refracting telescope and but a few minutes of arc in a reflector. Also, in a refractor 
the visual achromatism is entirely unsuited to photographic work, and a chromatically 
undercorreeted zero-power “correcting lens” is commonly inserted in the telescope 
tube to improve the achromatism for photography. 

As soon as photographic materials of a suitable character became available, 
toward the end of the last century, astronomical photography rapidly became more 
a.nd more common. To cover a wide field of sky in a single exposure, large photo¬ 
graphic lenses of the Celor or Cooke types were used. These have been constructed in 
focal lengths of several feet, at apertures up to //6 and are very highly corrected 
systems. 

In recent years, a number of interesting small lenses of great relative aperture have 
been developed for astronomical purposes. The first was Dennis Taylor’s //2 lens^ 
(consisting of two similar cemented trip¬ 
let combinations, together with a strong 
concave! lens placed very close to the 
fo(cal plane (Fig. 70). This concave lens 
a,(cts as a "field flatterucr,” acccording to 
t b(c plan suggc!st(vl in 1806 l)y Piazzi- 
Smyth. liy virtue of its position, the Fio. 70.—-Taylor//2 Astro lens, 

coiuciive lens has practically no effect on 

(h(‘ focal j)OWC:r or on tlac spherical aberi’ation of the system, but it carries its lull 
wacight in nalucing the Peetzval sum. The Piazzi-Smyth lens has also been applied 
to large reflecting tele.scopccs by Ross to improve their field of view. 

In 1934, Ra,yton of th<c Rausch and Lomb Company constructed a high-speed 
sp(cctrograi)hic objective! for Mount Wilson obseuwatory, whicch consisted of a 4-mm. 
mi(‘ros(‘(>pe obje(“tiv(c C!nla.rg(’!d dglit tiimcs so a.s to give a focal lengtli of 32 mm. TLhe 
niim(‘ri<cal a.p<crlure of th(‘ micro.s(‘()p(c obje(ctiv(c was 0.85, giving an /-number of 
1/(2 X 0.85) = 0.59. Fv('n this very high spcced was surpassed in 1936 by Bracey^ 
who simihirly (enlarged an oil-immersion microscope objective having a numerical 
ap(M-ture of 1.4. Idiis givees a.n e(iuivalent/-number of 1/(2 X 1.4) = 0.36 and repr(^- 
seiits an incr(ais(' in sp(‘ed of 2.7 times over tine R.a,yf.on lens. The objections to this 
hens a.r(‘, however, tlue ext neme smallness of the sp(ec,trum produced by it, since its 
focal hengt h is only 16 mm., and also the ne(e(essity of oiling the plate to the back of the 
lens. Neverth(el(‘Ks, it. repr(es(ents the ultimate limit which has been achieved in the 
('ITort, t.o obtain sp('(>(l in a. photographic hens. 

The Principal Types of Photographic Lenses.—Tlue following list includes most of 
t he l(MiS(‘s mach' by some of t he more prominent mamd'aetairers in recent years. The 
data, of (eurnail. henses ha,v(e lueen deriv(ed from tlue makiers’ ceatalogues and advertise- 
nuenl.s in ph()logra,i)hi(e journals, and from information supplied by them. The 
pr(>p(ertl('S of obsoh'te lenses have been drawn largely from the bibliography given 

1 Brit. Pat. 1270.58. 

Aulropkijn- •> 83, 179 (lOtlli). 
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below. While every effort has been made to secure accuracy, there may be soiru^ 
errors and omissions in the list. Also some firms have been omitted entirely as their 
catalogues were not available at the time of writing. It should be realized that the 
lens market is continually changing, old and unsatisfactory typos being constantly 



Fio. 71. —Bausch and Lomb Plas- Fig. 72. —Beck 

tigmat Portrait lens. Isostigmar. 


withdrawn from circulation and new designs substituted. Also, various firms ha\’e 
recently combined, thus eliminating a number of overlapping types of lens. Notable 
examples of this are the Zeiss-Ikon system, containing Zeiss, Gocrz, Mrnemann, lea, 
and Contessa-Nettel, which was formed in 1926. The Agfa Company has re(amtly 



Fig. 73.—DalimeyerStigmatic Fig. 74.—Dallmeyer Stig- Fro. 75. -Dali meycr 
//4. inatic//G. kStignuitic//7.5. 


absorbed llietzschcl. Heichert ha.s made no photographic hmsc's sinc<i Ihe war, and 
Bec-k has recently given up all photographic Icjuscvs ox<!ept the Hill sky lens. The 
Oundlach-Manhattan Optical Company censed op(n-ation.s a. few years ago. Many 
makers of cameras and enlarging oquipinent supply IcJises, [>nreha.sed from anollKu- 



Fa.j. '/ 1 .. Kodak //2.7 (duo Fig. 77.—Laack Poly.x(uit.ar. Fig. 7S. M(\v('r Mukro- 

leiis. Pla.smat / '2.9. 


manufsu'tuian-, whicdi are soinetiines ('iigrav'ed with tlie ikuih' of tlu* inak('r of 1 lie 
a ppa rat us. 'This aciauiuts for a. number of names which a,re not itududial in T.-dih': \’1. 



Fig. 79.-—-Plaubel Tele-Peconar Fig. 8 0. K o d o n s t. o c k I'to. SI. Rodi'ii- 

//3. Imagonal. stock Ibinl.agon a I 

wide angle. 


In addition to the types in Table VI, many firms have inaih^ in t he past hmst's of 
the rapid-recd-ilinear, Pctzval portrait and simple landscape types, all of whiidi are now 
obsolete hut are still to he found in eominon use. Lenses of the rapid-roetilinear type 
have been given various trade names, for example: 
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Beck; Biplanat, Symmetrical, Portrait Biplanat 
Berthiot: P6rigraphique 

Busch: Rapid Symmetrical, Rapid Aplanat, Wide-angle Aplaiiat 
Dallmoyer: Rapid Rectilinear 
Fleury-Hcrmagis: Eidoskop 
Goerz: Lyiikoioskop and Paraplanat 
, Ilartnack: Pantoskop 

Ilex; Convertible Rapid Rectilinear 
Meyer: Aristophin an<l Aristoplanat 
Rodenstoek: R(H',ti-apla.na.t, Wid(^-angl<‘ Aplanat 
Schulze; Ortlioskop and Sphariskop 
Steinheil: Aplanat 
Suter: Aplanat 
Voigtlilnder: lOuryskop 
Wollensak; Versa.!' 

Wray: Platyst igniat 

Also the very interesting scn-ic's of StcnnluMl hniscvs, in which an attcnnpt was mji.de to 
reduc.<' the Potzval sum by using old gla.ssc!s, has been omitted. They arc given in 
Table IV: 


TaHUK IV.-S'l'KINUKIL LkNSKS 


1 a*tus 

/-nu labor 

Field 

Y ear 

Oi'oiip Aplaaiat. 

() 



Group Autipla,ii(‘(. 

() 

u \ ) ' 

I 

()2'^ 

1 O/ i# 

lk>rt vail Ant.iplau(‘t. 

4 

;^()o . 

i. Oo 1 

1 1 

Rapid Antifilaiict. 

() 

(>0° 

1 oo 1 

189,H 


Most innnufaclur(‘rs liav<^ made pori.rait l('ns(‘s of l lu^ Pcdzval or one of if.s 

mo(lifica.tions. 'PIk'S!' a,r(^ now la.rg('ly Imt not. ('iilircdy obsohde. Table V gives a 
list of some of 1 Ikmii : 


M 5 ik<‘r 


A«fa. 

iifMik. 

I ):ill iu<‘y<‘r , 
Diill ni<*y<‘r . 

I ):i !1 iiH'yc'r . 
CJt iimIIjk’Ii . . 

( Jnndlach , . 
H.()(l«‘nst <)(‘k 

< ).SS 

<)11 ('M.sa k 

\\ olllMlNJl k , 

Wray. 


'r.Anmo V. -Poiri’iiAir Eknsios 


laaiN 

/-munber 

Fi(‘l(l , 

Foc.i 

Ocellar 

o o 


d5 ()5 nun. 

Studio !(‘a,s 

() 

d7'" 

() 24 in. 

Put cut P<»rt.r:dt. 

R 

dtF 1 

(> 17 in. 

Pa<<‘n( Portrait. 

•1 

:{(•>'' 

10 dO in. 

Pa<(*rit, [Portrait 

t; 

41"^ 

0 d7 in. 

lk>it.rai(, A 


(>()“ 

9 20 in. 

Port rail B ! 

4 

i\()^ 

7*2 -^4 in. 

Studio rapid lens 

d . f) 


14 48 in. 

Papid Portrait 

d. r> 


H >4 1 (> in. 

V’chI a 

f) 


(> 14 in. 

\'it.a\ 

d, H 


10 20 in. 

Studio lens 

4, r> 

. 

10 12 in. 


Principal Types of Anastigmat Lenses. In d’al.h' VI, which follows, the Uuiscsare 
given in alphalxd ical order under (-tach maiuifactun'r. A number immediately after 
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Table VI. —Photogbaphic Objectives 


Name 

/- 

number 

Field, 

degrees 

Foci 

Type and fiigvire 
number 

Remarks 

Aldis Brothers, Sarehole B-oad, Sparkhill, 

B i r mi n g li a ni, K n gl a n d, 

Aero. 

5, G 

23 

20 ill. 


Aero 

Photomicro. 

3 

— 

0.9, 1.4 in. 

— 

P h o to m i c r o g r a p h y 

Photo micro. 

6.5 

. — 

2, 3 in. 

— 

4 4 

Series 0. 

3 

40 

2—12 in. 

Cooke 27(?) 

Portrait, general 

Series 1. 

4.5 

53 

4—16 in. 

Tessar 44(?) 


Series 2. 

6 

53 

4—03^2 ii^* 

31 


Series 2a . 

6.3 

53 

4-14 in. 

Cooke 27(?) 


Series 3. 

7.7 

52 

5-11 in. 

31 


Series 3a. . .. 

7.7 

100 

5-11 in. 


With' angle 

Agfa. I.O. Farbeniiidustrie, Frankfurt, Germany. (Agfa 

Ansco Chjmpany, 

[hnghainpton, N. V.) 

A p Otar. 

4.5 

60 

86, 105 mm. 

Cooke 27 

Small cam<*ra.s 

Bilinar. 

11 

GO 

100 mm. 

Periscopic 4 

4 4 4 4 

I gen a r. 

8,8 

()0 

75 mm. 

A<6ir. niGn. 2 

44 4 4 

Igeata r. 

5.6 

65 

75, 100 mm. 

Cooke 27 

14 44 

Igestar. 

6.3 

GO 

.50-1.20 mrn. 

♦ 4 4 4 

4 1 4 1 

Igestiir. 

7.7 

65 

100 mni. 

4 4 4 4 

11 4 1 

Igestar.. 

8.8 

65 

lOO mm. 

i i i < 

11 

Kine anastigmat . 

2.8 

35 

12 ~20 mm. 

4 i i i 

( 'in<' 8, 10 nun. 

Kine aiuistiginui. 

3 . 5 

35 

20- 50 irirn. 

4 < 4 4 

( hue 1 f> mm. 

Menistnis. 

13 

■— 

75-100 mm. 

Landscaix' I 

Box (‘anuMiis 

Ocellar. 

2 2 

20 

35-(>5 nun. 

Pctzval port.rail, 3 

( hn<‘ 1() mm. 

Prolinear. 

1.9 

40 

135 mm. 

4'-l<‘ns, mod. 

Portrait. 





Cooko 


Solinar. 

. 5 

55 

50 mm. 

\ 4-lenH, partly 


Solinar. 

3.9 

G5 

75 mm. 


Small canuMUM 

Solinar, , .. 

4.5 

G5 

50-135 mm. 

/ 


Synimetar. 

1.5 

35 

12, 20 inni. 

5-lens, unsymm. 

( hn<‘ 8, 1 <> m m. 

Tele-ansats?. 

(),3 

30 

200 mm. 

2 doublets 

'r(‘h^ 

Tele-oin€^~anastiginat . . . 

3.5 

9 

80 mm. 

4 lenH(\s 

“ <’in<‘ 

A H t r o-G 1 ^ 11 H (*• 1 1 a f (, 

M.B.H., 

]3(‘rlin-N<Mikolln 

, Ljdin.'st.ra,.sH<‘ 30, (i 

I er many. 

As tan . 

3.5 



_ _ 

( 'iiK' 

A strar . 

2.7 


— 

— 

“ min, <*.ain. 

AstrO“kino. . 

1.2 

— 



** 

Pantachar . 

1 .8 


— 



Pantachar. 

2.3 



— 


Portrait . 

2 3 


75 100 mni. 

— 

Port.rait.. (Soft focus 






also ma<h‘} 

R.K. objective . 

1,25 


— 


X-ray <‘inc 

Fachar . 

1 .5 




( 6n(‘ 

Tacharette . 

1,5 




“ 

'i^acharel te . 

1.8 



- ™ 

* ‘ 

Tachon . 

0.96 




* ‘ 

Telephoto . 

5 


10 80 cm. 


'Tide 
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Table VI.—Photographic Objectives.— {Continued) 


Name 

/- 

number 

Field, 

de^!;ree.s 

Foci 

Type and fi|?ure 
j lumber 

lie marks 

Biiusch und Lorub Optical Ooniptuiy, Roehesicu', N. Y. 


Aero leiiH. 

4 

()2 

in. 

Plaaiuat 22 

Aero 

Aero lens. 

4.5 

55 

12 in. 

i. i i i 

11 

Aero leuH. 

5 

75 

Sbl in. 

t i (( 

(( 

Aero lerus.. 

() 

(>5 

() in. 

it t i 

i t 

Aero leiLs. 

11 

75 

' in. 

it it 

1 ( 

Aero T(i«Ha,r. 

() 

27 

24 in. 

Itiniar 51 

i t 

Aero Teanar. 

(\iuvertible Protur aeric'w 

() 

45 

24 in. 



7 a . 

Pxl.rerne wide 

(i.3 7.7 

08 

4 28 in. 

Double pT'otar 18 

( kmvcM’fcibbi 

aerien 5. 

JM(‘diiirti wide an^^le, 

18 

00 

;{) .j-a7 ill. 

Protar 10 

VVi(l(‘ angl(» 

aerien 4. 

12.5 

70 

2*2-4^ bi. 

< ( t < 

«< «< 

Metro^on. 

<>.8 

00 

5»h, 0 

88f/. 

A(‘ro wid(? an^h^ 

Micro Teaaar. 

4.5 

~ 

10-72 nun. 

TiNssar 44 

Pliotomicroffraphy 

Phlusti^^rnat. 

5.5 

40 

!) 18 in. 

71 

Portrait 

Proceaa-n ruiat ifjcinut.. 

10 

85 

18 25 in. 

JIonnxMmt-rii^ 88 

Pr oe<\sa 

Protnr, H<*ri(ns 7. 

12.5 

5(! 

7 80 in. 

Half of protnr 18 

rja,ndH<^ai)(^ 

Raytnr. 

2 ri 

58 

85 152 nun. 

Hiot iir 80 

(kiK^ 85 nun. 

Sijucniar. 

4 

44 

10 22 in. 

Cookn 27 

Port.ra.iti 

'reasar Ic . 

5.5 

58 

82 75 in in. 

dk^Hwar 44 

(kins mill, <nun. 

d\\sHar. 

4 5 

00 

8‘2^10i..j in. 

M 

10 Sr. 12 in. for jum'o 

TeaHiii’ 2h ... 

(>.8 

02 

.'{'a in. 

4 4 14 

CSiMHunl, phol.omiero- 
#JCcaphy 

B<‘ck. H 

, and .J. I 

Ii(<l 

(»0 Moia.inier S 

4-., bondon W.I., kaij^laiid. 

By at ip:riin r. 

0 

(iO 

4*211 in. 

18 

( k>ii V(‘r|,ihie 

( 'iTU* .. 

8 5 

41 

1.0 8 in. 


( 8nt^ 85 nmi. 

iMo.sli^mai 0 . 

8 5 

00 

2 8 in. 

72 


lao.sti^Oii.ir 1. 

4 5 

00 

8 12 in. 

7 2 


IHostijujttia 1' 0. 

5 , (> 

54 

0,* 2 17 in. 

72 


IhohI i^rna r 2. 

5 - S 

70 

8 8 in. 

72 


iHo.sl iainia i *1 . 

(i .8 

1)0 

8^2 10 in. 

72 


1 wo.sf i|>;rna r b;. 

t;. r> 

02 

0 M) in. 

72 


ImosI i ^j;ina r 2 , . . . , . 

7.7 

05 

4*2 0 ill. 

72 


I.HDst ij^nia r r> . 

1 I 


— 

72 

Pi otmwH 

N(‘o.st a r 1. 

4.5 

(iO 

5 S * 2 i *!• 

2S 


Ncost idpiiar 2. 

d 

70 

5 Sin. 

28 


N(‘(>s( i/rjuar 2. 

7.7 

02 

5 10*2 in. 

2S 


Kohiii Ilill l<aia 


ISO 

— 

(>0 

Sky I (a IN 

1 i (>y (‘ r' 

. Bc.s l^Ui 

i hi is.MtoiM 

*n Os Bny<*r, 25 HI 

vd. Ara^>:o, Paris (18c). 

Ii<a Vl. 

(). S 

S5 

5 25 cm. 

I)a{.!;or 12 

( ’on van l ibit* 

()r»ai(‘ . 

4.5 

50 

5 50 cm. 1 


Iku'l rni 1» soil 

iNal(‘. 

i) 

105 

00 14 5 nun. 


Wide aipdt^ 

K ubis. 

.8 . f) -1 , f) 

80 

80 70 cm. 

t'ocikc 27 

I*ort t ail. 

Sa,phii'., 

I , 4 

4 5 

15 lOO mill. 

<) j)!(*<•<* 

( kne, inin . ea in. 

Sa.phir... 

1 . <) 

45 

1 5 100 nun. 
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Table VI.—Photographic Objectives.— (Continued) 


Name 


/- Pi eld, 

luimber degrees 


Type and figure 
number 


li.einarks 


Boyer* Les f^tablissements Boyer, 25 Blvd. Arago, Paris (13^)- {Continued) 


Sai)liir.. 

3aphir. 

Sap hi r. 

Sap hi r. 

Saphir-Aviation, 

Saphir Apo. 

Saphir B . 

Topaz. 

Topaz. 

Topaz. 

Topaz. 


2,3 

3.5 

4.5 
(>. 3 

5- 0.3 
-12.5 

4.5 
2.9 

3.5 

4.5 
0.3 


15—100 mm. 
15—170 mm. 
40—500 mm. 
54—500 mm. 
20-120 cm. 
30—120 cm. 
85—210 mm. 
2—18 cm. 
2-1& cm. 
75-135 mm. 
58—210 mm. 


Te8sar 44 


Tessar 44 
Cooke 27 


C!ine, min, cam 


Aero 

Process 

Enlarging 


Busch. Emil I^usch A.G., Optisehe Industrie, Ratlumow b(n Berlin, Germany. 


Bistelar . 
Glaukar. 
Glaukar. 
Glaukar. 
Glaukar. 
Glaukar, 
Glyptar. 
Glyptar. 
Leukar.. 


Beukar. . . . 
Beukar. . . . 
Ornnar. . . . 
Omnar., . . 
Oinnar. . . . 
Perseheid, 
Perseheid . 
Stigmar. , . 


7 

30 

20-55 cm. 

2,5 

— 

13 nun. 

2.8 

35 

20 mm. 

3. 1 

1 

()0-400 mm. 

4.5 

57 

85—105 mm. 

0.3 

02 

90-150 mm. 

3.5 

53 

25-75 mm. 

4.5 

53 

55—400 mm. 

0,8 

01 

90-250 mm. 

7.7 

01 

330-450 mm 

<) 

80 

()5“30() mm. 

4,5 

75 

13 25 cm. 

5,5 

75 

9—45 cm. 

7,7 

80 

9-55 cm. 

4.5 

38 

21-48 cm. 

5.5 

38 

GO cm. 

(). 3 

—, 

— 


52 

C(K)k(^ 27 


Tessar 44(?) 

Two triples, 
syiniu. 

it 1 i 

lIomociMil t ie 33 


Tele 

C'ine 8 mm, 

“ 10 in in. 


Spetdal (l(‘sign Artistic photography 


PI as mat 22 


C'onvert ihli‘ 


J. IB Dali 


allmey<‘r, Bt<l., WilhNsdem, Bondon N.W. 10., England. (Medo l^lioto Supply Co., 15 West 47tlv 

St., N(*w York.) 


Adon. 

Anastigmat. 

Dallmey(M'-Ihiufi<‘hl, . . . 
Dallnieyer»hergludm, 

Dal)on (). 

Dali on 18. 

Dallon 17. 

Dallon l(>.. 

Dahlia (*<. 

Enlarging aiuistignuit . . 
Gran due I. 


10 37 1()—24 1 2 44 in. (var,) Hist(‘l.‘ir 52 

3.5 — 13 75 mm. 

G 33 18-30 in. 

(i.5-15 — 12—55 in. (var.) 07 

5.() 30 4-:{()in. 54 


() 12 in. 
15 in. 

1 2 40 in. 

2 15 ill. 

in. 

25 in. 


07 

54 

54 

52 

rA 


10 in., //4 Petz- 
val, with 4-in. 
neg. len.s 


Varia hh' t (4<' 

Cin(‘, 8, 10 nun. 
Portrait soft 
\'ar. t(4e, soft portrait 
2X ieI(M)hoto 





































THE DEVELOPMENT OP THE PHOTOGRAPHIC OBJECTIVE 
Table VI. —Photoobaphio Objectives.— {Continued) 


Name 



/- Field, 
number degjrees 



Type and figure 
number 


Remarks 


J. H. Dallmeyer, T.td., Willesden, T.ondon N.W. 10., England. (Mfdo Photo Supply Co.. 1.5 Wast 47th 

Ht., New York.) iCoutinued) 


Grandac 2. 


Mutac. 

New Large Aden. 

Pentae. 

Perfuc. 

Popular-telephoto. 

.Portrait anufctigmat. . . . 
Portrait anastiginat. . , 
Portrait anastigrnat. . . . 

Serrae. 

Woft-fociis lens. 

8T)eed anastigniat. 

Htigmatic 1. 

tStigrnutic 2. 

Stigma tic 2. 

Super-six. 

Trii)ie unastiginat. 

Wi<le-angle anast iginat. 


11 

10 

28 in. 

4.6 

48 

<),9 in. 

4.5 

25 

(>—24 in. 

2.9 

58 

1—12 in. 

0.3 

58 

3-80 in. 

0 

25 

0-12 in. 

3,5 

40 

0—15 in. 

4.5 

50 

10-18 in. 

0 

50 

10-18 in. 

4.5 

50 

8-18 in. 

4.5 

47 

1—12 in 

1.5 

45 

15-70 nun. 

4 

40 

0-12 in. 

0 

70 

4-15 in. 

7.5 

75 

8—1() in. 

1.9 

48 

1-0 ITl. 

2.9 

— 

12- 75 inm. 

11 

100 

8-0 in. 


Same with 5-in, Tele 
nog. Ions 


Bistelar 52 
Dyiuir 4d 


Conv. soft portrait 
Teie 2 X 


Portrait, var. soft 


Portrait, general 
CMne 10 nun. 
Port ra it 
Convertible 

C-ine, g(meral 
** 8, U) nun. 
Wide iiligle 


Ch Friedricln Aluni(d\, G(‘rina.n:y, 


Hiochron . 

2 

_ 


(’oronar. 

4,5 

— 

50 -800 inm. 

Corygon. 

2. ()- (i. 2 

— 

25—185 nun. 


4 innaun. 1 (uih<\s 
C' ook(‘ 27 


C. r. Gwrz. Berlin. (Now Purl, of Zoi.M«-Ikoi>.) (('. P. Go,.,!, Aiiuuicun Oi)tical Compiuiy, :M7 KjihI 

.•Hlh St,., N«nv York.) 


Alethnr. 11 

Artar. 1) ir> 

C 'el or. 8.5 

Ckdor. 4.5 

( kdor. ().8 

C -inegor.. , . . , 1,2 

Cinegor. 1.5 

(’inegor. 2 

(’inegor. 2.5 

( ^)nv(*rtibl(‘ anastigrruit 

H<*ries 2. — 

Dagor, M(M’i(‘s 8. (i.H 

I )ugOI\ H(U i(‘s 4. 11 

I )oginar. 4.5 

Dogrnar. 5.5 

Ootjir. 0. S -10 

Hypar. 8 -4.5 

Hyptugon. 22 

Kino Hypar. 2.7 

Kino Hypar. 8 

Pan tar. <>.8 

Syntor. (>.8 

'Pf'legor. 

T('l<‘Mtar.. 4.5 

'r<*naxiar. (>.8 


11 

70 

80 -120 (un. 

9 1(> 

— 

14 70 in. 

8.5 



4.5 

70 

0-48 (Tin. 

0.8 

70 

9 27 (Tin, 

1,2 

1.5 

}- 

25 nun. 

2.5 

}- 

50-100 nun 

().8 

70 <•»() 

! 4 90 cm. 


80 

( '<‘1 or 82 
82 u nsyin in, 
82 
82 


I haxa'ss 

Apo firoca^HS 


80 120 eni. 

8 12 in. 

12 I()in. 

8 24 in, 

(J 12 eiii. 

I 5- 100 nun. 
‘>5 100 nini. 
80 270 in 111 . 

12 21 (TUI, 


0 18».» in. 


( ’el or 8 2 


( ’n<)k(* 27 
8 


18 

( ’(‘lor 82 
0)5 

(’ook<‘ 27 


( ’onvfM'tibh" 
Wi(I(‘ angle 


M\tr(‘ni<* widiT umrle 
( ’in(‘ 

(’onvertible 
8\‘Io 
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Table VI. —Photographic Objectives.— ■^Continued') 


Name 


/- Field, 

number degi'eea 


Type and fip^uro 
nu mber 


Anastigmat, series 4. 

Hyperion. 

Perigraphi o. 

Radar. 

Turner-Reich. 

Ultrastiginat. 


Gundlacli-Manhattan Optical Company, Rochester, N. Y. 

« 1 (iO 5-16 in. Color 112 


5-16 in. 
7-18 in. 
0—16 in. 
Stjj—18 in. 
5-15 in, 

4, 5 cm. 


Two tripl<‘H 
51 
20 


Por t »* £ t i t 
C *! o 11 v*- 4 * r' t 


i 'it11* r* 


Ilex Oi^tical Company, Rochester, N. Y. 


Anastigmat series , 

Ciiiemat. 

Ilextigmat. 

Medium wide-angle. . . . 
Paragon. 


Paragon-Cinemat. 

Photoplastic. 


I^ortrait. 

Huper-Cineniat 


7.5 

61 

3>‘i-12 in. 

1.5 

30 

1, 2 in. 

0,3 

58 

3;H~23>^ in. 

10 

80 

5H -V29i in. 

4.5 

53 

32 mm., 3} 



20 in. 

3.5 

33 

2, 3 in. 

4.5 

45 

4>‘i-21 in. 

.5,3.8 

40 

10—10 in. 

5 

45 

in 

2. () 

40 

35-75 inni. 


1 * 

( h>t I x'" « * * 

\Via€» r* 
C h 11 * • , 


cn » 1 . 

Pt >i t a ; & a 


Kern et Che., A.G., .A.iuuu, Hwitzerlaiul. (Kern rh)nii>iuiy, i;i<> I.iheily S(., 


.Tvern lens. 

Kern lens. 

Keisrn on. 

Kern on. 

Kino-AiifnaJi ine- 

Objektiv. 

Kino-Aufnahnu'- 

Objektiv. 

Kino-Aufnahnie- 

Objektiv. 

Kino-Aufn al i ine- 

Objekti V. 

Portrait. 

iSpczial Objektiv. 


Anastigmat. 
Anastigma,t. 
Anastigniat. 
Anastigmat. 
Anastiginoi. 
Anastigmat. 
Anastigmat. 
Anastigmat. 


105™ 120 rnin. 
85™48() rnm. 
lOO, 150 nun. 
80 150 nun. 

80 75 mm. 

25-75 mm. 

25, 85 inm. 

85 mm. 

18 8() cm. 
185 mm. 


Color 82 
8\\HHs r ^14 

SpiM'dic 20 

( 27 


7,8 ()5 185 mm. j (i-h'iis, symm. 

Kodak. Ka.stmaii Koilak Ck>mpa,ny, Rodicst(‘r, N. V. 



18, 25 mm. 
102 jnrn. 

13 15 nun. 
50, 05 nun. 
12.7-50 mm. 
88--152 nun. 
8-12 in. 

1 h\. 


('(‘lor 3 2 
70 

CN)ok<‘ 27 
C<‘lor 82 
(h>ok<‘ 27 
Gallon 54 
4''(^.SHar 44 


P * H f E ^ * 

. \ * ' I K. » 


(' I J % « ^ \ 


10 t I 1 : 1. 1 

< ' i t t * * 1 

I . . f 
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Table VI.—Photographic Objectives.— (Contirmed) 


Name 


/- Field, 
number degi'ees 


Type and fi^^iire 
number 


Remarks 


Kodak. Kawt.niaii Kodak Company, Ro<^lieHter, N. Y. {Contuiued) 


Amustigmat. 

Anastigmat. 

Anastigmat. 

Aviation. 

Aviation. 

Aviation. 

Ektar. 

Kodar. 

Photostat anastigmat. 
Process anastigmat. . . 
Process anastigmat, . . 


52 

53-128 inm. 

Cooke 27 

52 

170 mm. 

Ck^lor 32 

48 

130 mm. 

“ “ 

4{> 

10 in. 

Toss a r 44 

4(> 

12,!..; ill. 

4. 4 i i 

24 

24 in. 

44 4 4 

54 

45 mm. 

Biotar 30 

52 

98-173 mm. 

Cooke 27 

50 

13-21 in. 

(k^lor 32 

50 

10 in. 

4 1 i i 

50 

18 in. 

Tessa r 44 


Enlarging 

Aero 


Min. (‘-am. 
Enlai’ging 
Photostat 
Process 


Kaack. Julius Laack Sohne, Ourlandstrasse 60, llathenow, Germany. 


Cine lens. i 

Cine-Pol olyt. 

CUne-Polyxentar. 1 

Dialytar. 

Dialytar. 

Dialytar. 

Dialytar . 

Dialytar T . 

Dialytar T.. . 

Dialytar 'F . 

Dialyt^ar P. 

I )ialyt.ar wide'-angh*. 

Enla-rging anuHtiginat . . . 
Enhirging anastigmat . , 
Enlarging una.s(,igmnt . . . 

Pololyt. 

I^)l(>lyt. 

[^oI(jly t. 

Pololyt. 

1 N>lyx<‘n t-nr. 

I\>Iyx<‘nt-ar. 

H(‘gulyl. 

R<‘gulyt,. 

H(U>r(>“Poiyxcn tar. 

JN'h'Hnast igmat. 

'r(*X(>n. 

"r(‘Xon. 


15-85 mm. 

25 mm. 
12.5-25 mm. 

7.5 30 cm. 

7.5 36 (*in. 
7.521 <nn. 
30, 36) (un. 

15 165 mm. 

2 30 (uu, 

2.5 40 cm. 

7.5 40 cm. 

7.5 25 (un. 

2.5 12 (rm. 

2.5 13.5 cfn, 

5.5 13.5 cm. 
2 7.5 cm. 


55 

2 16,5 (Mil. 

55 

7.5 

36 cm. 

(i5 

7.5 

3<> cm. 

70 

7.5 

30 (un. 

70 

IS i 

36 cm. 

50 

105 

m in. 

60 

105 

m m. 


13 . 

5 3(> <‘m 

35 

20 

27 cm. 


Petaval 3 
Ckjoke 27 
77 

Ckdor 32 


Cine 

Cim^ 16 inrn. 
Cim^ 8, 16 nun. 


Honuxamtric 33 GiMUual, \vi<U‘ nngl(^ 
Cooke 27 Portrait- 

'r(\ssar 44 Min, (‘-am. 


Ilonuxanitrii^ 33 Wid<‘ angU* 

(\)ok(^, 27 Cheap (Uilarging hms 


2.5 21 cm. 
2.521 <nn. 


/ 4 

( Uxjkc! 27 


'two (iouhh'ls 
Pour hniMes 


Hand <^a!n<'raM, forms-" 
iiig by front kms only 

I^‘0(a\sH 

'Ik*l(^ 

I'll 1 la rgitig 


E. E(‘itz, W(*ty!lat’, Chuinany. (750 t'ifth Ave,, Ntnv Voik.) 


Dygon . 
Pllniiir, 
l^Jnuir 
El mar. 

I hddor 
I I(*ktor 


2. H, 3.5 

3 5 

4 

6) . 3 
1 .0 
‘> '"i 


20 mm. 

35. 50 mm. 
00, 135 mm. 
105 min. 

73 mm, 

50 mm. 


tlooke 27 
3\*ssar 44f?) 


6 <*oinp, c<un. 


6-in<' 16 mni. 
Min. cam. 
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Table VI. —Photogeaphic Objectives.— (Continued) 


Name 

/- 

number 

Field, 

degrees 

Fori 

Tyyie and figure 
number 

Renia t ks 

E, Leitss, Welzlar, Germany. 

(750 Fifth Ave., ISow York.) (C-oNti ti tit'd) 

Hektor. 

4.5 

1 

19 

135 mm. 

4 comp., middle 

cem. 

Min. einn. 

Hektor. 

6.3 

76 ' 

28 mm. 

5 comp. 

“ \vi{le angle 

Bektor rapid. 

1.4 

27 

25 mm. 

7 comp, partly 
cem. 

Cine 1(> nun. 

Hektor rapid. 

1.5 

35 

12 mm. 

i* t( ** 

*' 8, 9 mm. 

iSuinniar. 

2 

48 

50 mm. 

Biota r 39 

Min. eiim. 

Telyt. 

4.5 ! 

12 

200 nun. 

— 

Min. (^:im. t(4e 

Tham bar. 

2.2 1 

! 

27 

90 mm. 

4 comp., middle 

eern. 

Portrait: .soft 

Varob. 

3.5 

— 

1 50 mm. 

Te.ssar 44 

l^hiln rgi njL!; 

Voort. 

4 1 

! 

' 

95 mm. 

1 

. 

hhdai'ging 

Hufiio Meyer, Gorlitz, Germany. (245 West 55t h St., N<‘\v York.) 

Aristo«tiginat.. 

4.5 

75 

1 > 2-“20 in. 

Hoiiio(^<‘ut l ie ,33 


ArLstostigmat. 

6.3 . 

90 

1 > 2-20 in. 

«I “ 

VVi<h* angle 

Double-AriHtostigmat. . . 

6.8 

82 

4--90 cun. 

4 ccnn. lenses, 
syin m. 

( k>ii VM‘i t i hhr 

Donble-ana.stignuit. 

6.8 

1 62 

l>.i~"^^0 in. 

Dagor 12 

* * 

Double-Plafciinat. 

4 

57 

1 2-19 in. 

22 

‘ ‘ 

Double-PI as in at. 

5,5 

57 

2—19 ill. 

22 

“ 

Helioplan. 

4.5 

(>5 

55—250 mm. 

Ckdor 32 

I'd da rgin g 

Riiryplan. 

4.5 1 

— 

— 

PlasimU, 22 


Eluryplau. 

() 1 

85 

2—24 in. 

1 « « i 

< 3 )n vm t i hi c 

Kino-Plasinut. 

1.5 

32 

15-88 mm. 

25 

( 3 »if 1 

Kino-Plasinat. 

2 

_ 

2 12 (un. 

25 

* * 

Makro-Pliismat. 

2,0 

75 

1-12 in. 

78 


P o!'t ru i t" “P r i o f.> la n. 

3 

40 

:{-19 in. 

( 3)(>ke 27 

Port i!iit 

PrimoF>lan. 

1.5, 1.9 

47 

13-100 mm. 

42 

.Mia. < * a T a. 

Pri^iotar. 

4 . 5 

— 

— * 

Yessjir 44 


P r oe esH - P 1 as i n a t . 

S 

48 

14-34 in. 

Plasniat 22 

I 3 < K’(‘S.S 

4\4e-megor . 

4 


.3 9 in. 

Dali on 54 

'r<4e 

'Prioplaii . 

2.0 

55 

1.5-210 mill. 

<k)ok(* 27 


''rrioplan . 

4.5 

64 

3 -14 in. 

" ‘ * 


Trioplan . 

().3 

64 

2-14 in. 

.1 i« 


Vera plan. 

Wide-angle Aristostig- 

4 . 5, () . 8 

— 

— 

6 <'l(‘!nent 

Double iirinst i",mM 

mat. 

9 

lOO 

3-11 in. 1 

i I omoiauit.rie 3»3 

VV'i<l<' anr.le 


•O.I.P. d’OpIi<|u(", (‘t <.1'Iiisti’niiKiiitu <1(‘ Pr<^<'i.si()u, HIviL .Mhctl l <i!ii'nl, !icluiuin. 


habor. 

3.5,4.5 

1 

1 

40 

45’—440 nirn. 

Major. 

4.5 

1 

(>() 

13.5. 1.50 nun. 

Major. 

(>. 3 

58 

90-1.50 nun. 

Miror. 

4.5 

58 ' 

.50-210 nun. 


C^oolci^ 27 

ii t < 


Tc'HHu r 44 


I N)r( r Mi t \ !i I . soil: 
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TABLE VI.—PHOTO<1RAPHic OBJECTIVES.—( Continued) 


Name 


/- Field, 
number decrees 


Type and figure 
nu mber 


RemarkH 


Platibel A.G., Kbui^TsirnHwe (><>, Frankfurt a.M., Oorniany. (Fltoio Marketing Corp., 10 West 33rd St, 

New York.) 


Anti CO mar. 

Anticomar. 

Heliorthur. 

M akinar. 

NHoenrnur. 

Rapitl wide-angle Ortlull* 

Supraconiar.. 

T<‘l(muikinar. 

'relemakinar. 

Teleiiiakinar S . 

Telemakinar S . 

Tele-Peeonar. 


75-180 min, 
30 cm. 


72 73 rnm. 

58 45 mm. 

“““ 21 cm. 

— 21 cm. 

— 19 cm. 

— 19 cm. 

9 X 12 1~2 m. 


Teswar 44 


li o n 1 o c e 11 1. ri e. 33 
Biotar 39 
Bistelar 62 


Wide angle 
I'ele 

(1 

Vnr. tele 


< knnbinar.... 
N(ni kom hiiuir 

Polar. 

Solar. 


C. Rcicluat, Or)tiach(^ W<‘rke, Vienna XVII, Austria. 

0.3 

82 

9 -24 cm. 

K) 

0.8 

95 

() 30 cm. 

— 

4 

55 

3 10 cm. 

— 

0.8 

01 

12 21 c,m. 

L. 

Gel or 32 


Wi(l(^-Hngle <U)nv. 


R.i(*l zsehel, Munich, Gcrinnny. (Now I^urt 


of Agfa, Oompany.) 


A(ljustaI)I(' T(‘h»{>hol <). , , 

9 




Tc\c. 

Linear .1. 

4.5 

75 

(i 42 (.III. 

17 

Con v<n’tJblc 

Li near H . 

5.5 

75 

(J ()0 <*m. 

17 

“ 

Linear (* . 

(MS 

75 

() 90 <*m. 

17 


K<‘pi (xluct ion < )bj(‘ct iv«‘ 

1 1 


30 120 c-m. 

— 

Pro<avsM 


(i, H odcn.st o<*k, (dptischcr VV'(*rk<\ Munich 15, (huanjiuy. 


A po-Proc<‘.sN-^Mu r y nar 
I'd koiuir. 


rau'.vgon . . 
Futynar , . 

Mu ryna r , , 

Mur ynai' , , . 

1 n i a a; o n . . 

I m iguna 1 , 
Mu ma r . , . . 
(hui t a a:oria 1 
Ptuigori , . 
'r<*lc"an.sat z 

'I’ri na r. 

'I'liuar' . . 

'I'riuar . 

^^sa r. 

Ysai'. 


II I8(mi. 

21 (iO cm. 

75 150 mm. 
50 300 nnn. 
105 ISO mm. 
17 4S cm. 

() 150 cm. 

S 75 cm. 

9 75 cm. 

50 105 mm. 
50 300 min. 
75 300 min. 
50 105 mm. 
60™480 mm. 


'rwu I 1 iplt'h, 
jsy mm. 

( 27 

( h‘lor 32 


80 

11 omcxaml ri<^ 33 
81 

Protnr 10 


( 27 


Tesaar 44 


Pi(><a‘HM 
('on vert iblc 


Portrait, var, aoft 


Wide angh* 
Wid(‘ angles 
Var, 
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Table VI.^—Photographic Objectives.— (Contimied) 


Name 


/- 

Field. 

number 

degrees 


Foci 


Type and figure 
number 


Remarks 


Hoss, Ltd., Clapham Common, London S.W.4., England. (Medo Photo Supply Co,, 16 West 47th Bt., 

New York.) 


Apo-Process-Xpres. 

9-16 

60 

j 

13-48 in. 


Process 

Combinable. 

6 6 

68 

4—21 in- 


Con vend ible 

Compound-Homocentric 

0.8 

Two triples, 





syrnm. 


Concentric. 

16 

— 

— 

9 

Wide^ angle 

Homocentric. 

6.6 

66 

12-24 in. 

33 


Homocentric. 

6.3 

66 

5—15 in. 

33 


Homocentrio. 

6.8 

56 

4-12 in. 

33 


Homocentric. 

8 

66 

7-24 in. 

33 


Homocentric. 

8 

— 

-- 

— 

Process 

Process Xpree. 

1 9-16 

60 

13-48 in. 

1 — 

Process 

Teleoentric. 

6.8 

30 

9-17 in. 

61 

2 X teh> 

Teleros. 

1 6.5 

30 

6-22 in. 

i 60 

H 1 i 

Teleros. 

6.3 

18 



d V ** 

Teleros. 

8 

30 

40 in. 

GO 

2X “ 

Wide-angle. 

16 

96 

3—12 in. 

1 — 

Wid(^ angles 

Wide-angle-Xpres. 

i ^ 

80 

4-20 ill. 

Plasmat 22 

Aerial, inf rarest 

Xpres. 

1.9 ‘ 

46 

1-3 in. 

, — 

Cin<^ 

Xpres. 

2.9 

53 

1-10 in. 

60 


Xpres. 

3.5 

53 

1>2-10 ill. 

60 


Xpres. 

4.5 

63 

3-21 in. 

50 

i 


H. 

R. Roussel, 3 Blvd. Richard Lenoir 

, Paris Xle, Franco. 

Kynor. 

3.5 

_ 

20-100 inm. 


( 'iiit^ 

Stylor. 

3.6 

34 

35-300 nun. 

Tessar 44 


Stylor. 

4.5 

53 

50-400 mm. 

4 ( i i ' 


Stylor. 

5.7 

53 

75—200 min. 

4 4 4 4 


Stylor. 

: () . 3 

53 

54-500 mm. 

4 4 4 i 


Trylor. 

4.5 

58 

106—135 imn. 

( h)( )ke 27 


''['rylor. 

1 . 3 

58 

54 -270 mm. 




Jo8. Schneider iind Co. Opti.sclu! Werke, Had Kreuasnaeh, Germany. (Hurh'igli Hrook.s Inc., 127 Went 

42a<l St., New York.) 


1 

Aero Xenar. 

4.5 

53 

10-20 in. 

Dynar 4(> 

Aero 

Angulon. 

().8 

105 

3* 2 —8^4 in. 

Holostigmat 15 

Wide-angh* eonv. 

Componar . 

3.5 

; - 

2-5^.^ in. 

_ 

Krdarging 

Com po liar . 

4.5 

— 

2-5>^ in. 

—. 

** 

Dasykar . 

12.5 

— 

— 

—. 

Witle angh* 

Isconar. 

4.5 

60 

— 

Cel or 32 

Kinoplan . 

2.7, 3, 
3.5 

1.5, 2 

“— 

— 

Cooke 27 

C dne 

Kino-Xenon. 

66 

l()"-80 mm. 

7 comp., 4 cem. 

8,1 () in III. 

Ortlio-Angulon.' 

4,5 

— 

— 

24 


Radionar. 

2,9 

6(> 

2, 3 in. 

Cooke 27 

F()<mis(‘<I by ndj. front 
lens 

Radionar . .. 

3.5 

53 

2—3 in. 


4* 

Radionar. 

4.5 

60 

66 

2—5 in. 

4 t (( 

44 4 . 

Radionar. 

6.3 

3-12 in. 

* 4 4 4 

4 4 4 4 
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Tablej VI. —Photographic Objectives.— (Continued) 


Name 


number 


Field. 

depfrees 


Foci 


Type and figure 
number 


Remarks 


Jos. Schneider and Co., Optische Werke, Bad Kreiiznach, Germany. (Burleigh Brooka Inc., 127 We»t 

42nd St., New York.) {Continued) 


Syiumar. 

0.8 

80 

2-14 in. 

Dag or 12 

Convertible 

Tele-Xenar. 

3,8 

_—- 

3, 4 in. 

04 

Distortionleas tele cine 
10 rum. 

Tele-Xenar. 

4.5 

35 

5-9 in. 

(>4 

Tela 

Teie-Xenar. 

5. 6 

48 

7--14 in. 

Dal loti 54 

“ 2X 

Xenar.. . . 

2.8 

53 

in. 

44 


Xenar... 

3.5 

57 

112—12 in. 

t i 


Xenar.. 

4.5 

57 

2 19 in. 

H t i 


Xenar. 

5.5 

57 

3-12 in. 

11 «( 


Xenon... 

1.3 

27 

1 in. 

Like Biotar 39, 
With Doubles 
back lens 

Cine IG rnin. 

Xenon. 

1.5 

33 

2 in. 

t i <4 4 4 

“ 35 mm. 

Xenon. 

2 

55 

2()-8() mm. 

Opic 38 

“ , min. cam. 


SchuUe; I.(ator S<duils 5 t^ luul Hill<u*be<d<, PotHdum, Germany. 


Ihirvplan 1. 

4.5 

80 

1 

9 32 cm. 1 

40 

Portrait 

Kuryplan 2. 

0 

90 i 

G (H) crn. 

Plasmat 22 


Muryplan 3... 

7.7 

82 1 

G (iO cm. 1 




G. Simon, l>r<'!H<l(Ui, Gcutrmny. 


0<*t anar. 

0.3 



Colubinnr 10 


'retranar. 

4.5 (i. H 



Ilonnx^mil ric 33 



Dr. S(a.-bl<> Cl 

.M.B.ll., Mnnic 

li, (f<Minnny, 


('hoi'oplast. 


___ 

_ , 

11 onux^em ( ri<^ 33 


1 iK'oplasI. 

12.5 


— 

Proliir 10 


NfiM 


_ _ 


02 


Pol V I)luNt. 

n.i» 12.5 

— 

8 43 crn. 

21 

('on vei l il>le 


(A, Stcnnltc 

il Srdinc, Mnnic'h, Chuinany, 


( ’asHiu*. 

2 5 4.8 



(h)ok(' 27 


()i th()Htigmat H . 

(\.H 

85 

.I (SO ('III. 

Cx)llin(‘ai' 14 

( V)n vcirtihh^ 

()i ( host igmn t />. 

H 

80 

0 25 cm. 

.. 41 

4 4 

< IrtlioHt igmr IF . 

9 

75 

30 90 cm. 

4 < (1 

Apo Proc(^Hs 

OrfhoHt iginiit !> . 

10 

80 

30 90 (un. 

« 4 4 4 

Pr(>C(‘SH 

( )r th ohI ignuU- L’...... . . 

12 

100 

7 25 (un. 

4 4 4 4 

Wide angh* 

'Tiiplar. 

2.8 


— 

— 


1 Inofocal 1. 

4.5 

00 

11 50 cm. 

CV»l()r ;i2 


Uii()fo<*ul 2. 

0 

70 

(S :t0 (Mn. 

1 

4 4 « 4 
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Table VI.—Photoqkaphic Objectives.— {Continued> 


\ 

Nam© ^ 

/- 

number 

Field, 

degrees 

Foci 

Type and figure 
number 

Remarks 

Taylor, Taylor and 

Hobson Ltd,, Leicester, Kngland. 

(Eastman Kodak Stores, Chicago.) 

Anglic, series 7b. 

G. 5 

90 

31 ' 4—12 in. 


Wide angle 

Apo, series 9. 

10 , 16 

62 

13—48 in. 

— 

Process 

Aviar, series 2 . 

4,5 

51 

6-13>^ in. 

Celor 32 

Aero, gcncM al 

Aviar, series 36. 

6 

53 

8 >i 2 —15 in. 

“ “ 


Cooke-anastigmat, series 



* 



14. 

0.3 

53 

13-21 in. 

— 

For coli)i‘ sei>aratio 

Cooke-lens, series 2 a.... 

4.5 

48 

5-18 in. 

27 


Oooke-lens, series 3a.... 

0.5 

02 

6™18 in. 

27 


Cooke-lens, series 4a..... 

5.0 

00 

1 5-18 in. 

27 


Cooke-lens, series 5a... . 

8 

65 

6-18 in. 

27 


Cooke-Convertible an- 






astigmat, series 15 ... . 

0.8 

53 

12 >i in. 

23 hemisyrnrn 

C'ionvertibl a 

Coric, series 13 Speedic 






29. 

2.9 

46 

in. 

— 


Oistortionless Telephoto 

5 

— 

— 

56 

Tole 2 . .3 X 

Elltic, series Sb . 

3.5 

29 

8 -lOH in. 

55 

** 2 X 

Opic, series 0 . 

2 

50 

in. 

38 


Panohro.. 

2.5 

— 

— 

20 

Cine?) 

Panfo. 

2.8 

— 

2, 3 in. 

— 


Plauital-Apo. 

12.5 

— 

10t*i-24 in. 

.-™. 

Prucu^HH 

Portrait, series 14. . . . . . 

(i. 3 

— 

13—21 in. 


Port T ail 

PortreUic, series 2e . 

4.5 

53 

in. 

— 

, var. soft 

Portrellic, series 2c. 

4.5 

48 

lOJ-i-lR in. 

........... 

Home pertiiiit 

Portric, series 2d!. 

3.5 

48 

lOtij-16 in. 


Pt^rtriiit, vur. soft 

Portronics, series 6 a. 

5 .6 

47 

13-18 in. 



Pressic, series 2 a. 

3.5 

47 

dLL 7^2 in. 

— 


Process, series 56. 

8-1 f) 

65 

9-3() in. 


ProCM^SH 

8 peedic series 10 . 

2.6 

45 

()^!—9ki in. 

29 


Speed Panchro. 

2 

64 

24—108 mill. 

0 

■00 

CijH* 35 mm. 

Super-speed-Panchro.. . . 

1.3 

— 

2 ki in. 

43 

4 4 

Telic 8 . 

5.6 

30 

8 ' 2-20 in. 

Dal Ion 54 

Tele 2 X 

Voigtlaiider uiul Sohii, 

Brunswick, Germany. (Willoughby's, llO West 32n(i S(., N(‘W York.) 

Af>o-Collineur.' 

9 12 .5 

(h) 

8-40 in. 

14 

PltXU^HS 

Cine-Heliostigmat. 

2.5 

35 

1 —4 in. 

48 

( hn(* 

C^ollinear 2 . 

(). 3 

62 

3- 20 in. 

14 

( 'on v<o t ible 

C k>lliiiear 3. 

().8 

(hi 

2 23 in. 

14 

“ 

<!ollinear 4. 

12.5 

80 

4 -12 ill. 

14 

V\'i(i(‘-iingl<‘ eonv. 

Dyndr. 

5.5 

(iO 1 

21.4 -12 ill. 

4(i 


Hediar. 

3.5 

45 

in. 

4<i (forimuly 45) 


Heliar. 

4.5 

(SO 

1 ' 4 --24 in. 

4() 


lleliostiginat. 

2.5 

30 

Shi, 13 Li in. 

48 

Pori ruit 

Helomar. 

3.5 

55 

105 rnni. 

Cooke 27 


Oxyn. 

9 

30 

1 4 -(>3 in. 

47 

l^rocu'ss 

Skor>ar. 

3.5 

58 

51.2 -14 ill. 

ToHsar 44 


Hkopar. 

4,5 

58 

-14 ill. 



Teledyiuir. 

(i. 3 

30 

5t.i-12>ii in. 

58 

dkd (*1 >hot <> 2 X 

Teiedynar (ife Cine-tolo 






anastigtnat). 

4.5 

— 

5?.i-9U in. 

59 

Cine teh‘ 2 X 

Universal- Heliar. 

4.5 

45 

12-19 in. 

40 

Porirai( var. soft 

Voigtar. 

3 ^ 7 

__ 

75—105 rum. 

Cooke 27 


W-Z soft-foc\is enlarging 




lens. 

—— 

—- 

7 in. 

— 

Enlarging 
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Tajble VI.—Photographic Objectives.— {Continued) 


Name 

f- 

luimber 

Field, 

decrees 

Foci 

Type and figure 
number 

Hemarlcs 

W. Watson and Sons Ltd., .313 High Holborn, London W.C., England. 

Holostigmat la. 

4 . (> 

75 

4}ri~8H i'l. 

15 

Convertible 

Holostigmat 1. .. :. 

(>.l 

70 

4-14 iti. 

15 

u 

Holostigrnat 3. 

9.5 

(>1 

in. 

15 

Process eonv. 

Holo8tigmat. 

11 

110 

3-9 iiu 

15 

Wide angle 

Testa. 

(i.5 

70 

5>4, ()>4 in* 

— 



Wolleiiaak Optical Company, Rochester, N. Y. 


AriaNtigmat 5. 

7.5 

1.6 

1.9 
2.7 
;C5 

3 , 5-4.5 
3*5 
12.5 

3.5 
0.3 

4.5 

9.5 
0.3 

10 

4 

8 


3>:i-13 in. 

25, 50 mm. 

12 miri. 

12-25 mrn. 

12, 25 nun. 
l> 2 -d in. 

1, 2 in. 

4t2-13 in. 

14—19 in. 
4.t2-17M in. 
3t2~16 in, 

4 ) 2 “9 in. 

33 ..^-12 in. 

10 Vi-30 in. 

5-18 in. 
fy- 10 in. 


Cine 8 , 16 xnm, 

it 44 14 4 A 

t t 44 <4 4 A 

t 4 (4 i 4 it 

“ 16 mm. 

“ soft focus 

Wide angle 

Portrait soft 
Convertible 

Wide angle 

Process 

Portrait, soft 

Oine-Velostignuit. 

25 

25 

25 

25 

20 

95 

44 

03 

53 

90 

00 

50 

53 

53 


Oiriie-Veins tig mat. 

Oine-VeloHl igmat. 

— 

Cine-VeloHtigmat. 

Cine-Telcr)hot(). 

Cine Verito. 

Kxtrenie wide angle. 

Variiirn.. 

— 

Velostigmat la. 

\/elostigniftt- . 

— 

VelnMt ifyniHt' 3. . 


Velostigniat 4... 


VeloHtigniat ProccuH , . , . 

Verito. 

VoltaM. 

— 




A'ra.y Ltd. 

, Optical 

Workn, llromley, Kent, England. 


Apo Liistrar. 

10 


i;i 25 ill. 

_ 

ProcesH 

DifTiisinl-i ning(^ <)l)j(^c‘( i v<* 

4 


0 10 in. 

— 

Porti’iiit, 4Soft 

I ./Uwt rur . 

I . 5 


25 50 lUTi'i 



I nist nir.. 

2.5 


^12 ill. s 

35 

“ , general 

I niMl rnr. 

2.8 


3 8 in. 

35 


1 nisi ni r*. 

3.5 


20, 25 inrn. 

35 

C 3ne 

I nisl.riu*.. 

4.5 

50 

3 15 in. 

( 'elor 32, uiv- 






sy in in. 


1 nisti-iir. 

0 , 3 

50 

S'.! I.'S ill. 

1 4 4 4 4 4 


PIunI rar, . .... 

3 . 5 


2 4 in. 

Tidtu'OH (K) 

“ tele 

PIuHt rjir.. 

4 > 

2 1 

2 15 in, 

4 i 14 

Tel e 

1^1 list rnr.. 

(). 3 

30 

(\ 18 in. 

4 1 « « 


1 *r<)(‘(^Ms-LnHl rnr . . ...... 

U) 

(►4 

13 25 in. 

Eusirnr 35 

Proitess 

1 ^rc x'CM.s "IniHt rnr . 

1 0 

01 

30, 30 in. 

it 14 

41 

Sill )!ll. 

3.5 

40 

2 5 in. 

Cooke 27 


Super . 

4 . 5 

40 

2 5 in. 

4 4 4 t 


\ h\ i vei sal a iuihI ignui 1 . , , 

(). 8 

9f) 

31 ; 7 in. 

DiiKor 12 

( 'on vertibU^ 

VVi<l(*™angl(' imnsliginat 

1 0 

lOO 

4--7 in. 

Protar 10 back 

Wide angl(? 


1 

1 



to l’r<)ni 


1 'arl 

y/'iH.s. (5(*»niany. (485 b'iith 

Mew York.) 


Apo PhiJini’ . 

7.5 12.5 

30 3S 

1 (> (iH i n. 

37 

PnxM'HiS 

.\p<j "I'lLsan r . 

i» 1 .') 

4,5 

1)'.! 72 ill. 

44 

“ 

Miogoii . , .. 

2.8 

03 

35 mm. 

(> eoinj:). jiurtly 

Min. eaiii. 

Hiut ji r. 


55 

40 80 mm. 

<a'* lu - 

39 

u 

liiot ar. 

i . 4 

40 

20 70 mm. 

:i9 

{ 'ine, inlu. cam. 

I-iiol('HHfir.. 

2,8 

42 

51 .;, (p,, ill. 

49 
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Table VI.—Photographic Objectives.— {Continued) 


Name 

/- 

number 

Field, 

degrees 

Foci 

Type and figure 
number 

He marks 

Carl ZeinSj Jena, Germany. 

(485 Fifth Ave. 

, New York,) {Continued) 

Convertible Protar 6a.. . 

_ 

_ 

_ 

15 

Convertible 

Double Amatar. 

6.8 

_ 

— 

—. 

4 t 

Double Protar. 

6.3-7.7 

46-75 

4—16 ill. 

13 


Kiiio-tele-Tessar. 

4 

14 

3—6 in. 

— 

Cine tele 

Magriar. 

10 

18 

45 cm. 

53 

Tele .3 X 

Orthoiaetar. 

4,5 

64 

36 mm., 210- 

Plasmat 22, un- 

Distortion less aero, 




250 mrn. 

syrnm. 

min. cam. 

Ortho-Prutar. 

8 

— 

— 

15 

Distortionless, for 






l)hotogramnietry 

Planar.'. 

3.t*-“6.3 

02-72 

2-47 cm. 

37 

Process 

Protar 1. 

4.5 

— 

__ 

11 


Protar 2. 

6.3 

_ 

— 

11 


Protar 2a . 

8 

75 

9—43 cm. 

11 


Protar 3. 

7.2 

— 

— 

11 


Protar 3a. 

9 

97 

7,5-41 cm. 

10 


Protar 4... 

12.5 

100 

— 

10 

Wi(U' anglt^ 

Pro tar 5 . 

18 

100 

I! .i-10j 2 " in. 

10 

Wi(l<* angle 

Protar . 

12.5 

45-60 

7-27 in. 

Half a doubl<‘ 

I;a nilscapi^ 





protar 13 


QiiadrnpkvProtar 7 . 

6.3 

— 

— 

13 

Pnaliaressor to double 






pro tar 

Quartas anastipiniat . 

4.5 

40 1 

4ii4, 10 in. 

— 

Achi'. ot‘ nonai'hr. for 






nit ra viol(*t 

It-Hi Otar . 

0.85 

14 

45, 55 inm. 

2(‘> 

(3n{* for X-riiy screens 

Sonnai . 

1.4 

27 1 

25 nun. 

30 

C'in<\ min. <^ain. 

Sonnar . 

1 ,5 

45 

50 nun. 

30 

4 4 4 4 14. 

Sonnar . 

2 

27 

10-85 inm. 

— 

4 4 4 1 It 

Sonnar . 

2.8 

80 

50, 180 nun. 

— 

44 41 •« 

Sonnar .■. 

4 

25 1 

75, 135 mm. 

4 comp. ])ai’tly 

4 . 1 1 tt 



1 


ceiri. 


Tol(vTeHsa,i‘ . 

6,3 

26 

18-40 cm. 

57 

'Vole 

1'ossa I' . 

2,7 

45 

15 50 min. 

44 

< 'iiH‘ 

'PosHar. 

2,8 

50 

2 3 in. 

44 

Min. mun. 

'I^'cssar . 

3.5 

35-65 

28 75 mm., 2 

44 

(3iu‘, g(ni(M’al 




12 in. 



J'ossar. 

4,5 

(H) 

1 * 2 20 in. 

44 


Possar. 

6.3 

65 

3 24 in. 

44 


Tessa r. 

5 

27 

20, 28 in. 

44 


Tessa r... 

8 

75 

28 -55 mm. 

44 

VVide angle for min 






tnuu. 

Trioi.ai’. 

3.5, 4.5 

52 

5 12 cm. 

0()<)k<‘ 27 


Triol.ar. 

4 

28 

85 nun. 

** 

Min. i*um. 

J^’intiir. 

5.6 

25 

105 mni. 

4 1 

4 4 4 1 

'Priplc^ Protar. 

5, () 

— 

— 

Dagor 12 


Triplet. 

4,8 

27 

20 28 in. 

Cooke 27 

Portrait , a,<'ro 

IJnar . 

4.5 6.3 

6)5 

11 46 em. 

34 




ZeiHS-I k 

on, I)re.H<l(Mi, Cl(‘ 

riuany. 


Nf(‘ttar. 

3.5 7.7 

56 

105 1 10 in in. 

Cook(^ 27 

Small ('ain<*ras 

Novar. 

4.5 

5(> 


Tessar 44(?) 

“ 

Novar . 

6.3 

56 

50 120 iiiin. 

Cooke 27 

4* “ 
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a name refers to the “series number” of that particular lens. In the second column 
is the /-number or range of /-numbers made, and in the third is the whole angular 
field covered by the lens. In column four the range of available focal lengths is 
stated. In the fifth column appears the diagram number illustrating the internal 
stnicture of the lens and also, in some cases, the name of a well known member of 
each type. This entry does not imply that the lens in question is a copy of the original 
type; it may be an entirely independent design using radically different glasses and 
radii of curvature, as has occurred, for example, in the Dynar and the Pentac, which 
appear alike in a diagram but which are really quite dissimilar designs. 

In the last column appear remarks as to the purpose or uses of the various lenses. 
A dash (—) in any column implies that the particular information was not available. 
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CHAPTER IV 


CAMERAS 

By Keith Henktey 

BASIC ELEMENTS 

Any camera must have the following parts: a lens to forni the image upon thc^ 
sensitive material; a holder for the sensitive material; a lighttight enclosiin^ (fre¬ 
quently a tube or bellows) to cover the space between the lens and the sensitive mate¬ 
rial; a shutter to open and close the lens aperture for the desired exposure time; a 
finder to show what is being photographed. 

The simplest camera, e.g., the popular box camera, has these elements in exceed- 
simple form. The lens is fixed focus; the shutter is a simple flip-flap itrrange- 
ment that makes an exposure with each push of the shutter lover whether up or down; 
the film runs over a pair of rollers as it is taken from the unexposed film spool and is 
wound np on the take-up spool. 

To these basic elements other accessories and convenient adjustments may lie 
added. The lens may have an adjustable diaphragm so that the ainoiinf. of light 
admitted to the film or plate in unit time and the depth of focus may be i-ontrollc'd. 
riie lighttight enclosure (the bellows) may be extensible so that the hms-lilm dis¬ 
tance may be varied as required for focusing images at greater or lesser distaruais 
from the lens; the shutter may have various speeds so that exposure may he (MuitrolhHl 
independorxtly of the aperture opening, and a spirit levtd may Ixe added; tlic front 
hoard carrying the lens may be adjusted up or down and sidx'ways or sx\’ing hori¬ 
zontally and vertically from some median position; the hack which holds t in* film 
or plate may swing about a vortical or horiijontal pivot; the bellows may luiv(‘ doxilile 
or triple extension for photographing objects very near the lens and so xm. 

If the camera is to be focused, there must be a focusing sciileor some other method 
must be provided for deterniining the correct distance of leiis-to-filin for jv given 
object-to-lens distance. 

Tocusiug is a.(!C()inplishcd in several ways. The lons-filni distniice nuiy be adjust <'d 
by extending or closing the bellows, or by screwing the lens and shut ter into, or out of, 
a helical mount. Ihe front lens only may he adjxistod as to ItMis-lilm dista-nev'. 
Finally, the front lens may be removed completely for edexse-ups. Th(> foc-al length 
of a camera lens may be increased or decreased by using cither t he hack or front (de¬ 
ments singly (if so designed) or by the use of accessory cliix-on kmsc's. 

A variable diaphragm opening may be provided by a simple sc‘ri('s of boh's in a. 
metal slide whieh may be moved in front of the lens, or it. may b<( continuously varial )lo 
in diameter as in an iris. 

The speetls at which t.lui sliuttcr may be ojxined and xdost'd nuiy b(( r('vv or manv; 
or the speed may be continuously variable ov(U' a \vi(lc( range. liu'xpimsivu^ haini 
canxeras for amateur xise .seldom have; sluu ter speeds slovvcu- than ' ;j5 sexa l)eca.u,s(' of 
the impossibility of getting .sniipsbots at slowc^r spcaals witliout xuvouipanying niovx*- 
incnt of the subject or camera during exposure. Tlu^se cameras .s(d(lom lia ve shutt r'r 
speeds greater than Hoo sec. In cheap cameras the actvial periods of tinu' during 
which the shutter is open may vary widely from the marked spxicd. On the other 
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hand, more expensive shutters may have numerous speeds, and the actual periods of 
opening may correspond fairly closely with the markings placed on the shutter by the 
manufactxarer. 

The shutter may be an iris type or of the focal-plane type. These are described 
more fully in the section on shutters. 

The enclosure between lens and film must bo lighttight and in the focusing types 
of carnei'a must he flexible. The simplest enelosur(’i is that of a box camera. It is 
rugged and rigid and enables the lens to be maintained in a fixed position with reapetd. 
to the sensitive matfu'ial. In other types of camen) the bellows is a molded or metal 
section into whi(di another molded or metal section turns. With lenses of short focal 
length the variable lens-film distance is not very great, but tlie necessary accuracy of 
adjustment may be increasingly great. 

The moat common form of lighttight enelosnro is the leather or compf)sition 
bellows. If images are to be photographed natural sisse, the bellows Tnuat extend to a 
lengtli equal to'at least twice the focal length of tlui lens. When the hollows is not fully 
('xtended, it tends to sag and to cut off the edgexs of the pictTire. Tlu^rcforc hooks are 
usually provi<led to hold up the center of the bellows when the lens is focused on 
distant objects, or when the camera is (dosed. These hooks engage with eyes on the 
camera frame automatically when the (camera is clostid and disengage when the 
Ixdlows is extend(Ml beyond the point where support is needed. 

The s(5ene or obje(vt to be photographed is located in a vic.w ^ind(^^ iii llie smaller 
cameras and upon a ground-glass scretm placed in the focal plaru‘ in larger (‘arneras. 
Vi(‘w liiufi'rs an' of st'VM'ral typ<'s as deserilxal on page 80. 

CAMERA TYPES 

Pinhole Camera, -'riie ('arlic^st, and simplest, form of ca,mei’a. us(*s a. pinho[<i 
instead of a h'us. Allhoiigli it is <aipa.()l(( of producdiig very Ixauitiful huidsc^apc's of 
gn'at soft iu'ss, l lu' pinhole camera, is of a.ca.d('rnic interest only at, t hc! pr<^s('nt t ime. 
A minute huh' is punched in a slu'C't of med al or ot her opjiepie trea t ('ria l tiiid is placed in 
front of a, lighttight ('ticlosure' at I h(' n^tir of wbiclt is si. scna'ti on which the image is 
sillow('d to fidl. 'The s('nsitiv(' material may !»(' phu^e'd upon t his seue'eai. 

idi(^ pinhoh^ lists soitu' stdvsuilivge's ov('r tlu^ Ixwt of U'nst's. It sulTetrs no distortion. 
It lists infmitt' (b'pth of (h'ld. It. will (^ov(‘r st v(^rv with' st.ngk', 125" (utinpstrt'd to tlu' 
75 to t)0" co\'('r('d Isy si inothn-n widt'-singlc h'lis. Idiotogrsiplis tnadi' wit h t h(' pinhole 
liava^ apparent (h'plh that, oftmi coiiiftari's most, favorably with stereoscope^ eatmera 
picturi's. I'dirtiK'rmore' the |)inhoU'eatiKM-a isclu'ap! 

'^riu' (lisadv'aiit ttgt'S an' l.h(' ('xescssivdy long ('X])osures n('C('ssn.fy stud the faid that 
“wire slutrime'ss ” is not. iiossibh'. 

In h’ig. 1 will !)(' s('('n a side' vde'w t hrough a pinhole' ea.iiK'ra.. Point sources of light, 
are' not brought to a point, fex'iis sts wil h a. eonve'rging le'iis. A [xiim, soure'e produees a. 
cone^ ol light., t he' dinu'iisions ol a cross sesct ioiv of 1 cone' de'pi'iuling ufxai t he' size' of 
the api'i-fiire'. If the pinhoh' is cireulstr, the cone' will Ix' circular; and if the hole 
i.s sepian', the' point source' will bea-oine' a, sitiall seputre' of light whe'ii it falls uiioii the 
scre'cti. 'I'lie'sc circle's (or sipinrc's) of confusion itx're'stse' in si/x' sts the^ scrceat is moved 
st\vsi_\’ Iroin the boh'; but, since' the image is e'lilarge'd sti. t.lu'same time'stud tothe^saine 
de'gree' as I hi' ('nbtrge'iueii I of I he^ circle' of coufusioti, t he' re'lative' sharpness of the 
iinsigc lor st given pinhoh' is iiuh'pe'ude'nl of the' ape'rtn rc-screi'ii dist:tnce. 'Tlio size: 
ol the' image' is iiicn'asi'd by incre'asing the' distance' Ix't we'e'ii pinhoh'n.nd sere'e'ti. The 
time ol ('xposure will Ix' direM'lly proixirt ioiuil to the' sepiare of the' dislsuice bed.we'e'ii 
I)inhol(' and sere'cn. 

Incnatsing t he' size' of t he' liole' will incre'sise^ t he illnmiimt ion but. will stlso incrc'ase 
the"' circle's of confusion so that the' shstrjiix'ss of the picture' will sutTeu’. Dcen'casitig 



70 


Handbook ok photography 


the size of the hole will increase the sharpness—^up to a certain point. As the size 
of the hole approaches one-half wavelength of the light being used (for example the 
blue Fraunhofer G line), the phenomenon of diffraction will caiise the image of a point 
source to become a series of concentric circles of maximum and minimum brightness, 
thereby ruining the image. 

For a given wavelength of light and a given screen-pinhole distance there is a best 
diameter of hole (see page 26.) For example at a screen distance of 6 in. tlu^ Ix^st 
diameter of hole is 0.02 in. This amounts to a working aperture of //300 so that the 
pinhole in this case would have a speed Ksoo of that of an //6 lens. 

Pinhole Camera Construction .—Since this type of camera is occasionally uh(h 1 for 
pictorial work, the following data will outline the practical angles of pinholo-cainei'a 


'Pinhole 



Fig. 1. —Fundamentals of pin¬ 
hole camera. Imago of point 
source is circuilar if pinhole is 
circular. Imago at B is larger than 
image at A', as image becomes 
larger, definition becomes poorer. 



d 


Fig. 2. —Relation of aper¬ 
ture and image size for host 
definition. The best radius 

of hole = \/\(i whore \ - 
wavelength of light to be 
used anti d — distancio of 
screen from aperture. 


construction. A thin sheet of copper or brass may be purud.ured by a lUH'dle and 
tacked to a larger piece of wood or other material. If tlie nu>ta,l in which tlu' holt' is 
punched is comparatively small, there is greater likelihood that the I)i(^<a^ will not ht' 
deformed during the puncturing pro<u\ss. The metal plate may b(t laid down on a 
piece of wood, the needle being forced through the center of the nu'tal wit h a (}uick 
tap of a mallet. The hole should then lie cleaned up by means of a small fde, wht'n 
the neexile is again thrust through the hole. Now the metal sheet should he hhieki'iu'd 
by holding it over a smoky flame or by dipping it while hot into nitrate of siha'r. 
Several pinholes of dil'ferent sizes may bo mounted on a piece of (‘igar-box wood or 
other light material and arranged to bo pushed in front of a,n apcu-ture in tlu' front, 
of the camera. Since the exposure time is so long a shutter will not In'! net'ded. All 
that is necessary is to push the desired pinhole to the center of the aperture, and to 
push it away at the end of the exposure. SuHieient space must lx; all()\v('<l h('tw<;en 
the several pinholes so that the camera ap(;rture is efTectiv(;ly (;l<)S(;d when no pinhoh' 
is in position in front of tins ai)(;rture. 

Table I will be useful in determining needle size. 

Clerc.i not(;s that a 5-see. exposure will suffkte when using a v<;ry rapid modern 
plate for an open landscape at midday in fine weather with an apertun; of O.C) nun. 
with the plate at a distance of 8 in. from the pinhole. 

1 “Photography, Theory and Practice,” 2d ed.. Pitman (1937). 
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Table I. —Pinhole Cameba Dai’A 


Pinhole diameter, 
in. 

Nearest 
needle size 

Pinhole to screen 
distance, in. 

0.053 

1 

40 

0.040 

4 

20 

0.032 

5 

14 

0,027 

7 

10 

0,023 

8 

8 

0.020 

10 

6 


Box Cameras. Many a photographor has started along his chosen path with a 
box (camera. A tyro can make no better pictures with an expensive camera with 
many adjustments than he (;au with the simplest of all (iumoras—any more than a 
bogiriiier at the piano can make better music on a SI000 instrument than he can on 
a se(U)ndhand battered piano. It is true, however, that the better cameras have 
gr(uit('r potentialities in the hands of even the inexperienced amateur if he is willing 
to follow directions and to make haste slowly when it comes to trying out all the 
adjustments. 

A box camera is distinctly a box with a lens at one end, and with some sort of 
lu'gative carrier at the otluu’ (md. The hms is of sriiall aperture so that all objects 
b<'tw('(m about 8 or 10 ft. ami infinity havci r(^as()nHl)le sharpness. The relativeslow- 
imss of tlui hms (//IT to/ZlO) is not such a handicap as it was before the advent of 
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modern fast (‘inulsions now in common use. 

The l)()x ca.im*ra is clunip; t^riccw vary I'rom less than a dolhi.r up to $5 
siz(‘s vary from postage stamp siz(^ (lHea) or less ((/oronet ns(^s _ 

Ui-mm. filn») to one-lialf vc^st-poeket iun! up to l>y 5}4 in. 

Some' box caiiKu-as hav(^ masks in them making it possible t.o 
m!iU(^ picl un'H of two dilbu-ent siz('S on n. givcm size of film. Sonu^ 

(uinu'ras hjiv(^ built-in y('llow (iltcu’s; in otJaus the front lens of a 
Hiini)l(^ doubh't is movable so that clos<^-up pictures may l)e made, 
for ('xninph' tin- Mastma.n Kodak Diway hms (big. 11) ha.s a thin 
l()W-po\v('r ncgaliv<> hnis in front of tJx: diaphragm. 'Phis U'us is 
reinovablc by a Ua’cr, and t he hack coaiponenf. nJom' is foe.uscMl for 
objects at, ()'2 fb TIh' (h'pt-li of fi<^ld at. this aperture (//12.5) 
is from ■) to 10 ft. d'lu' front hns is normally in ])la(ai juul k<'eps dust o\it of tliCi 
shut.I ('!•. 


At 

1 ' ] 


1 




i 1 i 

If 


\ i 



‘'■Froni Jens 
removc/bja 

Fu). 0. -Kodak 
Diway Ions. 


The <di<‘ap<‘sl box eatucras have ground-glass fimUa-s; Ixd.tt'f catnenas of tli<^ box 
l_\’p<' ha v<' lirilliaut (imh'fs (sec* i)a.g(‘ 80 for di\seript.ion of finders.) 

SouK' moch'rn minintun' cameras art' lit th^ more t.ha.n box ca,nu'ras of advanced 
design, since' f lue h'lus is praed ically fix<‘d fexais. Sewetral 35-rmn. caitieras have //d.b 
h'liscH wliieh an' use-d at all distama's from 18 ft., (o inlinity by mereily pulling the huts 
out of the cauK'i'n, Itody to a sl.op position. I''<)r subjects clos('r than 18 ft. the lens 
is pulhal out aiiotluM’ imli'li, when all subjc'cts Ix't.ween t) ami IH ft. will be r(a>.sonal)!y 
sharp. 

bnime ,so-call<'(l n'flex cameras arc nu'rely box cMineras vvilb a large rellection t.ype 
view limh'r. 

'riu'grc'at virtues of tlic box ea.nu'ra arc its simplieit.y and it.s elxuipnc'SH. Tluuo 
arc few adjust iiu'ntH. All t ha t is rc(iuir('<l for good i)ietureH is fair light, a steady hand, 
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and the ability to keep the s^ibject from approaching too close to the lens. The 
negati\>’es will stand some enlargement, but not a great deal, naturally. 

Folding Cameras.—Next above the box camera in complexity is the folding 
camera for roll film. This group comprises cameras from the very cheapest to the 
most expensive. The simplest camera of this type has a lens which snaps forward into 
fixed position when the front of the camera is opened. It is used, therefore, exactly 
like a box camera with the advantage that it is more compact. Its lens operates at 
about the same aperture as that in the box camera. 

With lenses of larger aperture and consequently of smaller depth of focus, soiru': 
means of focusing must be provided. The lens as a whole may be moved along a 
track with a focusing scale in feet or meters placed alongside; or the lens may turn 



in a threaded mount, or only tlui front (ilement of a douldct may l.urn, wit h the disla tuu^ 
scale placual along a circular {)ortion of the camera structure. 

Folding roll-film camera,s a.r(^ sc^ldom (xiuippcal with hmscs of greatc'r aport ure t han 
//6.3 or//4.5. One renuson is tlui crost of such hmses, and ano(,h('r is tlu' shallow d(‘])<h 
of field. WluMi the (crmera at la.rge apeudures is foc.usr'd upon a mcar «)l)j(M‘( aiul 
opera.tod with the dia.[)hragm wide op(m, tlu; nst^r must (\stima.t(^ th(‘ distama' fo tlu' 
subject with acauiracy greater than that possessed by tlu^ av(U'a,g<‘ pt^rson. Since' at 
any ape^rture th(^ nuiuircd a(H‘ura.(^y of udjustaient of the hms-tilm (listanc<' incr('as('H 
as the lens-subject dista.iKa! (U'crtaises, cameras of the tyi)o bcting d('S(*ril)(Hl ar(' sc'hlom 
e(p,iippod for working clos<u- to a subjeu'-t than (5 ft. If, however, a shorl-focal-length 
lens is to be used, as in a, miniature camera., the lens may liave a larg(U' aptirture, and 
focusing may be possible up to within 3 ft. of the subject. 

Thousands of miuiature cameras with fairly large-aperture lenses hut not (a{uipj)ed 
with coupled ranges fimhu-s find their way to the secondhand market l)ecaus(' th<^ pur¬ 
chaser cannot get shari) i)ictures—hirg<!ly due to the lack of the m^cessnry ability 
to estimate distance. A i)urchaHer of a. miniatiiro camera natiirally expects imlargc- 
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merits. An out-of-fecus condition that will not mar a contact print, however, becomes 
excessively annoying when an enlargement of any reasonably magnification is made. 

Folding roll-film cameras may be purchased in sizes from 35 mm. and half vest- 
pocket up to postcard (3 V 2 hy 5^^ in). Prices vary from a few dollars up to several 
hundred. 

Table II.— Focal Length op Lenses Used on Roll-film Cameras 

Picture Size, In. Focal Length, In. 

(Approximate) (.Approximate) 

1 X IH 2 

X 2H 3 

X 4 

‘2y2 X 6 

3J.i X 4M 5}4 

3w X 5M m 

The better grades of roll-film cameras have rising and falling fronts (the extent of 
rise or fall may be about one-fourth the height of the picture) which make it possible 
to raise or lower the lens to include or exclude various portions of the foreground. 
The better cameras have superior general construction, are heavier, and are more 
sturdy. They often have two finders, a brilliant type and a direct-vision type. 

The folding type of camera possesses several advantages over the box type of 
camera. It is moni compact; bettor models have better lenses and more adjustments. 
kSiiKH> the lens may be focused accurately upon the desired subject, enlargements of 
(^onHideral)le magiiification are po8.sible. 

Hand Cameras for Plates and Film Packs.—Approaching the professional view 
(laiuera in comf)lexity, sturdiness, and general utility are the hand cameras designed 
to use eitluT lilm j)ack, plntcis, or c.ut. film in plateholdcrs. Such canu^ras have been 
built in sizes as small as v(^st pocket, but the most popular sizes are the 6 by 9 cm., 
9 by 12 (un. and 4 by 5 in. They are generally fittcrl witli a shutter of the Compur 
tyi)c^; they carry wc'll-corn^ctxid lensc^s of the anastigmat typ<} with apertures of//4.5, 
//3.5, and sornctimcH //2.8 and often have double extension bellows for making 
pi<^( ur(\s ai)proaching natural size. Idioy Imve fronts which can bo raised or lowered 
or m(>v(Hl sidenvays, and some of the more versatile have removable lens boards, 
revf'rsibh^ bac’ks, trijilc! ext('nsion Ixdlows and tilting ba.(tks. Such canuu-as differ 
from a. .studio or vi('W canu'i'a only in l)eing more comiaict and leas weighty. The lens 
!uul bt'llowH imiy 1 ki racked back into the cairuM’a. frame! and tlu^ front closed. The 
eaniera then IxM'onu'.s very (X)tnpa(!t. A few mod(4s are t hin enough to Ix^ phuunl in a, 
coat ixxikel. 

Clanu'ras of this gciuu'al iyp<' an^ often fitted with fix^a.l plane shutters and are used 
for nevvspajx'r and sport phol.ogra[)hy. The popular Spixal Graphic is of this type. 
Wlu'u (xiuii)p(sl with a couph'd range findc!!’ and a flash-bull) synchronizer, the graphic 
tyi)<‘ of (Ninu'ra. is an exlnunc^ly ver.satile instrument. They are available in sizes 
from ‘2\% by 3 '4 in. to 4 by 5 in. 

View and Studio Cameras.—The chi(‘f differemio between vic'w or studio camenis 
and the Ix'tlx'r Imnd ea.mera.s lies in the compaetru^ss of the latter. View and studio 
(■aitieras fold up hut not into such small spa(x) a.s t.lui hand (aimeras. View and studio 
(^a.meras usually have frames of wood, hand ea.itieras are usually built on metal 
frames. View and studio canx^ras are made in sizes from l)y 4Ji( in. up. The 
lenses of tlx'.se canieras an^ removal)l<L Fo<*iising from the l)a,(d< is possible. This is 
of importa.nee in close-up work (especially with wide-angle lenses) where the front 
of the eainera, might obtrude itself into the field of view. 

The studio camera, i.s heavier and bulkier than the view camera and is usually 
mounted on a support which can he rolled about the studio on wheels. 
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A typical 8- by 10-in. studio camera has the following characteristics: triple exten¬ 
sion bellows (30 in.); back capable of being raised to form an angle of 45° with the 
camera bed or of being dropped through an arc of more than 70°; rising and falling 
front movement of 3)4 above center and % in. below center; lateral movement of 
lens of 2 in. and a horizontal swing of 80°; weight, 9^ lb.; dimensions folded, by 
IIK by 11% in. 

Reflex Cameras.—In the reflex camera it is possible to focus the image of the 
subject to be photographed until the instant of exposure. This important and usf'ful' 
feature is accomplished in the following manner. 

A mirror at an angle of about 45° is placed between the lens and the ground-glass 
focusing screen which is placed, not directly behind the lens as in othcir cameras, 
but in the top of the camera and at 90° to the path of the rays from the lens to the 

sensitive material. The image, therefore, 

I ' is seen right side up and full size (usually), 

although reversed from left to right. When 
the exposure is to be made, the mirror 
moves out of the way of the light rays. The 
mirror is pivoted about its upper end, and 
before the shutter is opened for the expo¬ 
sure, the mirror is urged upward l)y a spring 
to close the top of the camera so that no 
light through the ground glass can fog th(^ 
film. 

The great advantage of the reflex camera 
is the fact that a moving object can he 
followed on the ground-glass screen and lc<'p|. 
in continuous focus until the (vxposurc* is 
made. For this riuison tlu^ txvflex is the 
favored camera for action ijhotography. 
The disadvantages of the refhix are: (I) hulk 
and weight; ( 2 ) to get suflituent light on th(' 
screen, it is necessary to focus with tlu^ h'us 
wide 0 ])(u>. if, then, tlu^ lens is to hest.oppcsl 
down before making tiu; (ixposure, th(^ (inu' 
taken to adjxist the stoi) and to r(M-om[»ose 
the pic.ture may (diminate on(^ of the ndlex camera’s gnnit advantag<^s. 

The ground-glass scia^en is surroumkal hy a hood to ko(^p light frf)mit, (‘xc(>pt t hat, 
coming from tlu^ Icnis. In small refk^x (“.ameras, focusing h(Ma)m(\s more' diflieull, 
because of stray light getting on tlu! scream. (Certain of th(^ small redU^x canmras have 



1 , 


Fig. 5.—Graflex form of rtdlcix camera, 
hood; 2, ground glass; 8, mirror; 4, 


focusing knot); 5, lens. 


rather largiJ hoods, whi<rli k(‘(vp stray light from l.lui senam and ther(d)y aid (luMisi'r to 
get sharp focus. Many small reflex cameras have built-in magnifying lensc's located 
over the center of th^^ sen'een so tliat still sliarpcr focus is possible, '’hhe grain of tlx^ 
ground-glass screen ina.y sometimcis he too cioarse to allow tlu; nc.euraey of ro(;using 
necessary when the lens ai)erture is large;. 

One way to get aronnd the; dillieulty of focusing the re[l(;x camera, at small hms 
apertures is to use two l(;n,s(;s, om; for making tlie picture; and one for focusing. 'I'lu'se; 
lenses are moved with the same focusing adjustment, so that, wh(;n f lit' imag(> is 
accurately focus(;d upon flu; vi(;wing scre<;n, it is also in sharp fo(;us on tlu; s(‘nsit iv(; 
material. The foeusing lens may have; longer focal length than tlu; pic.tur(;-taking 
lens, so that an enlarged image will be seen on the focusing screen. He(;auHe tlu; 
depth ef field of the focusing lens is shallower than that of tlu; taking huus, tla; 
will get sharper images than if the two lemses have the sanu; focal length. One 
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difficulty of the reflex camera is the fact that it is focused and adjusted at waist level, 
ri a crowd it is desirable to use a camera which can be held at (or above) eye level; 
not all reflex cameras can bo held upside down for such situations. Certain high-grade 
miniature relkix cameras are equipped with eye-level finders of the wire frame type. 

Miniature Cameras. Recent years have seen a remarkable sale of so-called 
miniature cameras. This increase in popularity of small cameras—which are not at 
all nuiont in origin or use is due to several causes, not the least of which is that finish- 
iuff plants catering to amateurs arc now equipped to give good service on the small 
lihns uscnl aiid (uiu now deliver an enlargement of reasonable size which compares 
lavorably in quality with a csontact print of the same size and made from a larger 
Jiegative. 

from the users standpoint the miniature camera has the following advantages: 
th(i caiueni is compact; it is cheap to operate; its short-focal-length lens has much 
greater depth of fielcfl tlian the lenses on the larger amateur cameras; these lenses 
may hav(^ excuiptionally large apertures without too great expense; small lenses are 
easier to correct for distortion so that the miniature camera will produce negatives 
whhdi may he enlarged many diameters; high shutter speeds are possible with the 
ainall betvvc^en-lcuis shutters used in small cameras. To these advantages of the 
camera and its accessories must be added those secured by modern high-speed and 
fine-grain films. 


1 he disa<lvantages of the miniature camera are largely those which arise from the 
la,(d. that tla- inuige is small and in general cannot be seen on a ground-glass screen as in 
largin* cameras. The dilFiculty of. composing a picture is increased on this account. 
Ik'cause of the small size of jiie.turc made with miniature cameras, it is practically 
iU'C('s.sary to eularg(‘ all tlu^ j)icture8. In the enlargement process, some fineness of 
detail is imwitaldy lost, (’■HtH'cijilly in large “blow ups.” A print 8 by 10 in. made 
liy ('(>nta(t. from an cS- by lO-in. negative will have greater detail than one blown up 
Iron) a 2-1- by 30-inm. negativ(‘. Tlu-refore, in those situations whore the maximum 
detail is r<Hiuir(‘(l, the large camera must be used. This is the case where photo¬ 
engravings ar<' to b(‘ ina(l<^ with a fine sereen for use on coated paper. The loss of 
(U'tail will not. Ix' H{)[)ar<Mit., lK)\v(w<'!r, if engravings are made with coarse screens or are 
prinU'd on anyt hing Iml thc! Ix'tttu* gra,(le.s of coate<l paper. 

'I’b(' miniature caiiK'ra of good eonstriml ion aiul with coupled range finder conies 
tb(' luairi'st. to the “ uiiiv<‘rHa.l cainera” of any yet. (bwistal. It, will ma.ke pictures 
under liglil, conditions whicli would pri^ebuh^ f ln^ jxissibility of any sort of success 
w it li larg('eanu'ras having loagtu' foea.l-l(Migt.li lcas(‘,s of sinnlhu'np<u'ture. The minia- 
turi‘will tnal\(‘ pici ni'cs whhdi cum lie ('iilnrgml many (liu.met.('rs juul tdms can compete 

wit h tlu' larger cann'ras wlaui a large* [irinl, is d(*sircd.-with the disadvaritagt^ that tlm 

(It'lnil in tin* enlargeimmt will not. Ixi so gn'at as in tlie eon tael jirint. The depth 
of (ield of lh<' short foeal-buigt h l<‘nsi*s UK(‘d on miniatunMuimeniH is a, dist imit advan¬ 
tage not. poHsi'ssed by of larger foea.l b'ligth used on large (uinioras. 

Portability is one id' (.h<“ small (uunera’s gr('at a,dvantages. 

Ti/pfn of Miniature (iinir.ras. .—(lainera.s talcing pictures b.y 2)-^ in. in size are 

UHinilly classi'd ns “ ininint ureH” although no strict definition is jiossible. (himeras of 
t his general oluHH, Ihercfori', may be groufied as follows: (1) small e.sinieras not txiuippcd 
with eoupb'd range finders; (2j small ennuwas (xpiipped with coupled range finder; 
(d) redectiiig cameras. 

In groiq) I a re found fixt'd-foeus cnnieras or cameras which may be focused. The 
latter are <H|uipp(‘d with focusing seah's. Wifli the latd.er (uuriera the user iriust first 
I'stimat.e, or nnuisure, t Ix' distance of the object from the lens and then set the camera 


'\viuu» (.he leiiH is f()<niM(Ml iipoo an objeet 4 ft. (listaiit, the I'aiiKe of atiarp focus for a 2-iii. lens 
ti|><‘rntitiK at //2 is abool. .'{ in ; wit h a lens the ratiKe of Htiurp at. //4 is abovit 1 in. 
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accordingly. The camera maj' make a single exposure, or it may cuirry enough film 
to make 36 exposures. The lenses are fairly well cortected. Some are ocjuipped w itii 
masking devices so that, on a given film, two sizes of pictures may bo ina<l<’'. C-atueras 
of this type, equipped with large-aperture lenses, produce good results in tin* hands 
of those who can estimate or measure distance accurately. In general, howevavr, 
the user cannot expect to enlarge his negatives as much as negaliv('s ttuid(' witli 
cameras-having coupled range finders and lenses with greater cornn't ion. 1 hose 
small guess-the-distance cameras are not comparable with th(^ second group (or llu* 
serious photographer. 

In the second group are those cameras which represimt tht; acme ol maiuiiaeturing 
precision. In size of picture made, they range from the 24- V)y 36-nun. lu'gativt' itindc' 
on 35-inm. standa d motion-picture film to 2)^ by 3J4 They utilize coupled rang(‘ 
finders. They are fitted with lenses with very high correction, ofttui arranged to lx* 
interchangeable with other lenses of shorter or longer focal length. In th<i I.eicui, 
Coiitax, Exakta, and similar types of cameras a focal-plane shutter operating at 
speeds up to M 250 sec. is supplied. The accuracy of adjiistment and tlu' correction 
of the lenses is so great in these cameras that enlargements of 10 to 30 timers are not 
out of the ordinary at all. In a few cameras, roll film, cut film, or platx's may b<‘ uh(x!. 
Many accessories are available for cameras of this general class, which ('xteiids the 
possibilities of the camera. The user need not purchase anything but t lu* caun'ra and 
lens, however, to have a complete outfit. The additional knses, and ot law ncca'SHories, 
will cost a great deal more than the camera itself and form dcsirabh^ e(iuipinen( which 
can be accumulated over a period of time—or never piirchasiMl at. all. An important 
feature is the mechanical coupling betw'eeri the shutter-cocking nx'chaiiisni and the 
film-advance mechanism, making it impossible to make doiihh* exposures. 

In the third group are the reflecting eaiiu^ras. Soiru' of Mumu hnv(‘ a. single hms; 
others have two lenses, one for focusing and one for making (lu' ( xpcMuri'. In general 
these cameras do not have interchangeable lenses, although front, lenses may be ustxl 
to reduce or increase the focal length of the taking lens. I ’(>r(a,in nuxhds, how('v<>r, an* 
equipped so that the lenses may he changcxl for otliers of longer or short or focal lengl h. 

In the Contaf'ex of Zeiss Ikon the focusing l(ui.s brings 1 lu^ iinag<g not. to a ground- 
glass screen, but to a plaTio-convcx lens of recta.ngular slia.pe, t lx' uixb'rside of which 
is matted. 'The image is “brilliant” to the <H)rn(M-s. k'or critical focusing a magnify¬ 
ing lens can be swung into position over the image. 'This latter f('a.ture is charact<M-- 
istic of several of the miniature reflex cauxinis. la addition, t h(' ('onfalh'x has a. 
built-in photoelectric exposure meter. 

C’crtain two-lcns cameras are not rt^flcix typtss. '!'lx^ sceoixl hais i.s iix‘rt*l\' a v'icw- 
fiuder lens and is not connected nKx;hanicully with thi^ la.kiiig lens. 'Plu' second hm.s 
makes it possible for the user to see an imagx' of his sceix* full .siz(' and right-side up by 
means of a reflecting mirror. The fitxler lens is of (ixcal focus aixl is tx>1 eonix>elc<l 
wath, or related to, the taking lens. Thti latter nxisf b(' set to t con-eel foeusmg 
po.sition after the user has e.stimated or measumd t hi' dislauee of t b(‘ subjc-ct from t he 
lens. 


C,)ticaland M^chanical Requirement for Minialurc Cauirrn,s. - Speaking befori- t be 
Photographic Society of America, Roclxxslcx-, 1938, If. W. Zif'ha- di.scu.s.sc'd the niaxi- 
mnm inac.curacies that Tuay exist in niaixihveture and aligiinx-nt inaintf-naiH-e la a 
high-grade camera making a negative 1 by in. in size. He stated t hat a ‘2-in. l<*n.s 
at 33 ^ It. at an apcu'tnre ol f/\.5 must be to(*.used with a. luuxiinuiii toIer!nx“<' ol 
0.001 in. The focal If-ngth of the huis inu.st be inatclxai to tlx? fo(‘using nx-ehani.sni 
^ to within 0.001 in. The total variation from all cau.ses in tlx.; nxxdiani(‘al diinc-nsion.s 
of the coupled range finder must not be over 0.001 in. 





6C,—Re(K)rdak chock and document recorder. 


Fi(i. (M. Fkk QB. 

Fuj. tn4. ()i:>M(ino rctcmmi projector roconimcMided for continuous reference or reading 
Ki-rnrn. film i)ictureH. The projector m cciuippcd with an advancing lover which advances 
dociutieutH one i>ic<uro at a tinio. It also has a windiiig crank which onabloB the operator 
to move tlio film rai>i(lly through the projector. 

Fkj. (i/i. bibrary-typo i>rojector for 3r)-mm. film rocordB. 
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All this shows the precision of manufacture, and the precision of maintenance 
required, if the small camera is to produce 8- by 10-in. prints (8X enlargements) 
that are satisfactory from the standpoint of detail. 

Sequence Cameras .—Several miniatures have optional accessory rapid-film 
winders which shorten the time required to wind up a new film and to set the shutter. 
The Robot camera has a built-in device which makes the exposure when the release 
button is pushed, moves the film forward, and cocks the shutter when the release is 
allowed to return to its normal position. When a strong spring is wound up by the 
user, it is possible to make 24 exposures as fast as the release button can be pressed. 
A sequence of exposures made with this camera resembles a series of frames made with 
a motion-picture camera with the exception that each individual exposure may ho 
made in Hoo sec. Interchangeable lenses are available for the camera. 

Stereoscope Cameras.—Double-lens cameras for making stereoscopic exposures 
are described in the chapter on Stereoscopic Photography. These cameras range in 
price from $12 up to several hundred dollars. The simplest use ordinary roll film 
and make individual pictures 23^ by 23^ in. The higher priced units have reflex 
focusing, use plates or film, and come in several sizes, usually 45 by 107 mm. or 
6 by 13 cm. 

Identification. Cameras.'—These cameras are for use in schools, etc., where a largo 
number of portraits are to be made for identification purposes. One type, listing at 
about $100, holds 100 ft. of negative film, unperforated, giving 500 exposures 1:?8 in. 
wide. The camera is operated 4 ft. from the subject and is fitted with an //3.5 lens. 
Another type holds 200 ft. of film, taking 1000 individual exposures, and is fitted with 
an //4.5 lens of good correction. Printing machines are available for this tyi)e of 
camera. 

Certain 35-nim. cameras are available whicdi hold enough film for 250 exposiin's; 
these may bo used for schools, etc., wherti a large number of negatives ar{^ to be made 
without the bother of fixupunit change of film. 

Panorama Cameras.—C'amoras of this type liav(i means for revolving the (uinuu-a 
on the tripod so that, it covevrs a, field of view wide in relation to its lunght. Thus t.lu’; 
panorama camera is useful for covering largo groups of people, as at convemtion.s and 
gatherings, large (‘siates, moimtatn vistas, geologiexil surveys, etc,. In the^ h'olnu'r 
Graflex No. 10 Circuit |)anorarna camera, speeds varying from ;! ^ to ' j '2 hoc. are 
available; the lens is a triple cotivertlbh; with focal lengths of 10, 15't, ftncl 20 in. and 
is e(iuipp(Hi with a under to indicxite th(^ amount of film used for any ('xi)(>sur<>, [xu’' 
mittiiig the det,(vrminai,ion of the amonnf. of film kd’t in tlie coiitaim'r. I'dlm in 
lengths up to 10 ft. and widths of 6, 8, and 10 in. i.s used. 

Recording Cameras and Projectors.—A valuahU; extension of th(‘ us(^ of plioto- 
graphie (uiuipinent lies in tlui nK'ording of clocuineuts, such as hank clu'cks, hooks, 
letters, etc. Devicx^s for this purpose are really autoniati(! <;ameras wluch make 
the exposures as fast as the docannents arii fed into a hopper at one end. Tlu' op(u-at,or 
does not lusod to lie an expert phol ograpluu-. Banks may photograpli up t.o 100 (dxa^ks 
per minute with the Ihu^ordak. The microfilm llocordak uses 35-inm. fiu<‘-gra,in film 
and is adapted to the use of libraries, companies wishing to record blueprints, (d.cu 

Pn)j(Mb ion machines a,rti furnisliod for viewing th(i photographed records. Iharor- 
daks are suppli(id on a rcuital l)asis; library-type projiu-tors are sold to tlie ns<‘r. 

CAMERA ADJUSTMENTS 

With the exception of the fixed-focus cameras of exceeding simplicity, all caimu-as 
have certain adjustimmts which increase their versatility. T'lu^se adjustments are 
listed below. 
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Focusing.—Usually focusing is accomplished by changing the lens-film distance 
by moving the entire lens. The lens may sometimes be screwed into a threaded 
mount instead of being moved by means of a bellows. In other cases only the front 
section of the lens may be moved. As already indicated, certain simple cameras 
have only two focusing positions of the lens, one for close-ups and one for distant 
scenes. In either of these positions the lens acts as a fixed-focus lens. 

Rising Front.—The lens board may be raised above a median position so that less 
of the foreground and more of the upper part of a picture may be included without 








of l»»nH witli roHiKMit to focal plane. 


tilling the canuvra,, a metliod whi<di prodviccvs bad perspective. Tall bviildings may bo 
photographed in this ina.nn(n% (^sptanally it the eanun'a is equipped witli a swing back. 

Falling Front.—'’I'lui lens hoard may he lowered so that more', of tlui foreground may 
Ix^ ituilnded. 

Side Movement of Lens.—Whem the; Ciarrun-a is plaetnl so that the. picture is to be 
ina.<le the long way of thc^ film, Ji rising and failing motion of the huis is made possible 
by anoth(;r adjustment. This sideways movement (when the camera is vertical) 
can h(‘ (unploycd to include mort; of th(^ right or left of a picture without moving tfui 
position of the film. 

Swing Back.—'Phis adjustimuit permits the film to tilt(Kl about a horizontal 
|)ivo(. through tlu^ (•.(nibn (or sotpe? other line) of tig; film. By this means the top 
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(or bottom) may be moved closer to the lens. It is usually possible to make the same 
adjustment along a vertical axis. 

If the camera is pointed upward to include in the picture the top of a building or 
other tall object and if the plate is not maintained parallel to the lines of the building, 
these lines will seem to converge near the top. This distortion is apparent and not 
real, because, if the eye is placed at the position of the lens, it will be seen that the 
lines of the biiilding do converge. In a photograph, however, the viewer does not 
wish the actual truth but wishes to see the building as he would see it if viewed from 
a more distant point. 

By combining the use of the rising front and the swing back the lines of the building 
can be kept parallel. The film should be maintained parallel to the linos of the build¬ 
ing by means of the swing back, and the top of the building should be brought into 
the scene by using the rising front. 

By making use of the swing back it is often possible to bring into sharp focus two 
objects located at different distances from the camera. If an object near the top 
of the picture is to be in focus at th<3 same time an object near the l>ottom is in focus 
and if the two objects are at different distances from the huis, th(3 e(lg(3 of the film 



T'lo. 8.—By tilting the swing back from vertical position, top and bottom of stairs can Iw 

more nearly focused at the same lens position. 

that represents the more distant object should be moved cl().s(3r to the kins than the 
edge on which’the closer object is to be registered. 

When the swing back and rising front are to Ixi used, th(3 lens of the c'.amcra should 
be able to cover sharply a larger area than the normal size of th(3 s(msitiv(3 material. 
In these cases the image at the edge of the film is of importance; tluweforci (.lui Itms 
must be well corrected and should be used at as small an aportuni as tlu? (ixposurc 
time will permit. 

Removable Lens Board.—View and studio catixiras and sonu', folding Imnd cameras 
have removable lens boartls so that lens(%s of longer or shorter focal huigth may lx* usexi 
i nterc.hangoably. 

Reversible Back.—Camtims us(m 1 by atlvaruted amateurs and by proft'ssionals lmv(3 
reversible backs so that the pictuni may he made either with the short or the long 
dimension of the plate as the hotf.orn of the picture without turning tin* cann'ra itself. 
Such cameras do not require a tripod hole on the long dimension of the* eaim'ra, body. 

Other Adjustments.—Ocxaisionally the bed of the camera may be tiUx'd iqjward or 
downward; the back may be raised as w(dl ns tilted, etc. 8u(di adjustments an^ usedul 
when making exposures in cramped quarters or when using widcwuigh^ lenst^s, but in 
general thes(i adjustments are seldom used. 

CAMERA ACCESSORIES 

View Finders.—The majority of e.ameras are equipped with view findcirs by which 
the user can tell when he has included the required subjects in his scene. Vit^w aiul 
studio cameras do not usually have such finders. The picture is composed upon n 
ground-glass screen. 
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Simplest of the view finders is the direct-vision type. This consists of a wire frame, 
more or less the exact size of the film or plate to be used, and a peep sight. Usually 
the frame is situated at the lens position; the peep sight is usually at the focal plane. 
The camera is held at eye level; therefore the picture composed in this type of finder 
tends to bo more natural than one composed in a type that must be held at waist 
level. (Photographers for fashion magazines usually choose a very low point of view 
tf) accentuate the v<>rtical lines of the models and their clothes rather than the hori¬ 
zontal lines. A reflex type of camera is preferred for this purpose.) 

The frame and the peep sight need not necessarily be located, respectively, at the 
lens and at the focal plane, but wherever they are located, their relative dimensions 
with respect to each other and the eye and to their respective locations must be such 
that the eye will see what the camera lens embraees. These finders generally fail to 
include the proper view when the camera is very close to the object and should not be 
relied upon for close-ups. 

Reflecting-type Finders.—Cameras of the simplest types are usually equipped 
with a finder coti.sisting o'f a lens, a mirror, iind a ground glass upon whic/h the lens 



Fin. 9. — Itircct-viHion view finder. 


foeusc's (h(' image. The image is, right sich* iij) hut is ri'versi'd, right, to lt>ft. The focal 
Imigth of the finder hms is short, fuiough (nbout 1 in.) so that n small image is produced 
!ind all ohjei^ts within t he range'; of the cunu'ra. n.(ljiist inent will hc; in foeiis. d’here is 
no ndatioii betwcum tlu; focal Icmgth.s of the finder and the caimera Umsc's. 

A ndU'cting tyix' of finder which is more eflieiimt. in its use; of the light. e,oll(M'te<l hy 
the Urns is eonnnonly known as the “brilliant” type. 'The huis forms an imag<\ not 
upon a gronnd-glass screi'ii, hnt in a seeoiul hms whicdi eonfim's tlu' light eolUMdial into 
a narrow eonc' and directs it to the nsi'r’s cyi*. At a normal viewing dista,nc(‘ of 12 
in. al)ov(' tlu; fiinhn’, tlu' cone of light is wide enough to inehulc both (‘y<'S of the usesr. 
It is lUM-e.ssary that the usc'r assunu; such a iiosilion that, his I'yt'S int.(;n;<‘pt. tlu; cone of 
light or he will not .s(m‘ tlu; imag(‘ of the semu; he is tt> photngniph. A luuul is usually 
part of a brilliant finder. It shields tlu' imug<; from t'xlraneous light. 

In still anot lu;r type of finder (direici-visioii opt.icad finder) a strong negative hms 
forms a virtual image in front of tlu; lens and a w('ak i)ositive hms [)roj(;(;ts this virt ual 
image to a eoinfortabh'. position with rc>sp<;et to tlu; (‘ye, f.c., about If) ft. away. The 
imag(! in such an opt ical finder is ercitd and not rev<;rH<xl. 
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More elaborate finders are arranged to indicate to the photographer when his 
camera is properly focused as well as to show him the field of view that is being covered. 


L/'ghf scai-i-ereof 
in cr/f o/irecHons 



,Rea/ image 
on ground 


Camera 



I ! Oblique 
' ^ Ugh-hrags 
beni qnof 
confined to 
a narrow 
cone 

Real image 
in ihis lens 


Mirror)<-~ Camera 


Grouncjl Glass Finder Brilliant Finder 

Fio. 10.—Common types of finders. 



01^'eci- 


Image Image ^ 
by byL2 

Lj 8c L 2 


The field seen through the finder is often smaller than that actually cov'crcal hy the 
lens, so that the user is certain of getting into his picture all that ho sees in f.lu^ finder. 
The fact that the lens of the camera and the lens of the finder do not view the siibject 
from the same point is not a serious matter unless close-ups arc made. Errors due to 

separation of the two lenses ar(^ minimized 
by placing the finder as close as possil)l(^ to 
the camera lens and hy making tlu^ fiiuku 
axis and the camera axis interscuit at about 
15 ft. in front of the canu^ra. 

Parallax.—Certain vi(uv finders auto¬ 
matically compensate the error arising from 
parallax which causes the picture; as actually 
registered on the s(msitiv(i maK'rial to b(‘ 
diiroront from that seen in the view finder. 
As the cauKira is l)rought (doH<; to (.h<'object, 
the view is restricted hy a. mask which is 
mechanically connected with the couple<l 
range-finder mechanism. In general, however, the photograplnu- must Ix' candid 
to include the desired object in the center of his composition when working 
u]) close to the object and when relying upon the view finder to determine whni. is 
actually being photographed. If the camera is (xiuipped with a ground glass, it will 
bo much safer to make the actual composition by this means than to rely ui)on t he 
view finder. 

Focusing Scale.—Cameras of thii focusing type must use a focusing scale unk'ss 
the operator is to focus his scene on a ground-glass screen each time h(^ maki's an 
ex'posure or ludess he ha.s an “automatic focus” type of couphal raiigi^ findm-. All but 
reflex, view, and studio cameras employ focusing scjile whicii may be used or not as 
th(! owner of the camera desii-es. With lenses of long focal lengtli it is more' important 
to estimate distance accurately than with short-focal-lengtli lenses Ixaiause of t lu; 
shallower depth of field of the former. If the negatives made by the short-foeal-lengl h 
lens are to be enlarged to the same size as those produced by the longer lens, the 
accuracy of focusing must be the same. 


Fio. 11.—Use of negative Ions to form 
virtual image in front of Ions L\ which is 
then projected to a comfortable position 
with respect to the eyes. 
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The following formula may be used in marking out a focusing scale. First deter¬ 
mine the setting of the lens for focusing upon a distant (infinity) object. Then the 
difference between the lens-film distance for this setting and that required to focus 
accurately upon a nearer object will be found from 


where / = the focal length of the lens in inches; 

s = the distance of objecd, to knis in in<dies; 

D = the distance, in inches, of tlio lens from the infinity position. 

Example. —Desi^^M a focusing Hcale for a 5“iru lens. The lens focuses a distant object sharply when 
it is 5 in. from the film. An object 25 ft. from the lens will he sharply focused when the lens is moved 
away from the infinity setting by/V(« — /) in. or 25 [(25 X 12) — 51 or 0.Q86 in. If the object is 

only 0 ft. from the lens, the lens must be moved away from the infinity sotting 25 -i- (72 — 5) or 0.37 in, 
from its infinity setting. 

With cameras having lenses of hx^al hmgths of about 5 to 6 in. and having focusing 
scales parallel to the motion of the lens iti focusing, the inaxinium error in estimating 
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Principle of Range Finders. —In Fig. 13 consider two rays of light from an object E 
so far distant that the rays from it are essentially parallel. Let these rays pass through 
apertures 0 and Q. The rays will also pass through A and B. Now consider another 
object situated on the ray passing through O. ' The ray from D passing through O will 
pass through B but, because of the closeness of D, a ray from it passing through Q will 
not pass through A but rather through some point such as C. The closer the object 
D, the further apart will B and C be. Thus the distance between B and C is a measvirci 
of the distance of the object D from the line OQ. If some means is provided at Q to 
bend the ray from D so that it goes through A, the amount of adjustment n(K*.essary 
will be a measure of the distance from Oto D. A fixed point of comparison is provided 



by reflecting the beam twice and moving B over to the original position of A. Thus 
B and C, when adjusted to C', are presented to the eye together, and any ditt'('r<‘nce 
in their positions is readily seen (see Fig. 14). 

The distance between O and Q is known as the l)ase of the range fimh'r. Inerensing 
the base increases the accuracy of the distance determination hut. iner(^as<'.s the difli- 
culty of using the device. If too great a base distance is used, the two imag(\s may be. 
so far apart that it will bo difficult for the user to find tlnun. 

Kodak Pocket Range Finder. —In Fig. 15, with the v.yc at tl>e itnli(^nt('d position, 
the field of view is divided horizontally by the edge of tlu^ mirror 1 so that oiu'-half 
of the field comes straight to the eye while the other half is brought to the eye by 



Fiu. 14.— Mechanism of range finder by whidi point. C! is rn()ve<l to f ", tht‘ relat ive motion 

required being a function of the distnnee. 


reflections from mirrors 1 and 2. Tliesc mirrors are a})proxiniaf,<'ly I ’ 2 inclu'.'s ap;irt. 
This distance constitutes the base of tlu^ ra.ng(^ finder. When t he mirrors are paralhd 
to each otluu-, the vertical Hues of a.n objt'el at infinity app(^a.r eontimious in t Ik' two 
halves of the field. For objects closcn- to tin* ranges tiinhu-, mirror I must be moved 
HO that it is not parallel to mirror 2 in oialer to tnake the two halves of the lii'ld nnuge. 
“This is accomplished (|)y turning the actuating cam whiidi swings l.h(‘ levnu- hearing 
mirror 1. The spring urges the lever against, the cam so that l)a(d\.lash in tlu^ <auti is 
eliminated. Because of the definite relation which exists betw(!<!n t he angh' Ixd wcam 
the mirrors and the distance from the object as viewed in the rang(; fiiuhn-, it, is possibh* 
to calculate a scale which indicates the distance dire(d,ly when t he two halvahs of the 
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field coincide. This scale is mounted in the window of the actuating cam so that 
as the cam is rotated the scale rotates with it and a small index mark indicates the 
disti nee between image and range finder. A small lens is placed so that the scale is 
easily seen at one edge of the view. 




Kodak Coupled Range Finder .—Mechanically coupling the range finder to the lens 
of a camera enables tlie user to measure distance and set the lens of his camera with 
one motion. 'Flius the range finder becomes a focusing device rather than a distance 
indicaitor, alt hough it will also nuiasure the <listance of the ol)jcct to bo photographed. 

In the Kodak c.ouphal range finder employed on (an-tain miniature cameras, two 
images of t.lui same object are cheated by two lenses. To makes the two images coin- 



Fie/c^ of view 

t'm. 1(5. Kodak <u>iipl(><l raaKO findew. 


cide, oii(> hms is movi'd with n^sptad. to tlu^ otluw. ^Flu^ ohjetd.ivci Ums of the range 
Under is cnrri('d on a movabhi supi)ort whitdi is ac;tun.t(Ml by n.n adjusting cam which 
is t uriK'd by t h(> focusing knob. Turning this knob mov(‘s the camera objective along 
i(,H iixis and (h<“n'by focuses it by means of a ludicail thread. This cam is so con- 
structcal that, when the range-fimh'r ol>j(H!tivc is correctly plucked for the given object, 
the camera objective is focused upon this object. 
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The two images presented to the eye of the user form a field divided into two 
halves. With the camera in normal position the lower half of the image as viewed 
in the eyepiece is the fixed portion of the image. When the camera lens is out of 
focns, the upper half of the image is displaced to the right or left. Focusing consists 
in bringing these two halves of the field into proper relationship so that a unified 
image results. 

In Fig. 16 the two images created by L and M occur on the face of prism Pi at the 
common boundary of prisms Pa and P 3 . The rays from M travel above prism P 2 
while the rays from L travel inside the prism Pa and are reflected at a point just below 
the other rays. Both rays are then deflected by prism P 3 back to form the split image. 
Prism P 4 is an erecting prism to present the image to the eye right side up. The field 



Pro. 17.—rriiioiple of Loie.a 
range finder. 


lens collects all the rays forming the image so that 
they are carried to the eye. The ocular lenses are 
provided so that the images, which are only a shor^ 
distance from the eye, may be seen easily. The 
objectives and oculars actually amount to two small 
telescopes giving a magnification of 3 X. 

The eyepiece, which carries the ocular lenses, is 
adjustable along its axisj to allow for variations in 
individual eyesight. The user is instructed to adjust 
the eyepiece for an object 8 ft. away, a setting which 
enables images for both distant and near objects to 
be accommodated by the eye. 

Lezea Coupled Range Finder. —^l^he [jriiicdple of 
the range finder fitted to Leica 35 -rnrn. cameras may 
be seen from Fig. 17. 

“A. ray of light^ Jrom the object at O passes 
through the window A, Jlthrough the glass sheet 
which is sot at an angle of 45° to line O A, \ hrough the 
window D, and into the eye at E. Another ray of 
light from the same point on the object passes 
through window F, is rcflccteil from mirror C, then 
from the ^glass sheet C, and finally passtis through 
window D into the eye at E. Tims the (‘ye; at E will 
see two images, a direct one, siudi as that shown in the 
large circle in Fig. 12, and one refl(avt('(I from tlie 


mirror G, which is the one shown in the snuill circle in 
Fig. 12 . The mirror G can be rotated about an axis fl l)y means of lower L, and it is 
obvious that if this mirror O is rotated to the proper position the ray of light OGG will 
then onu'rgo from window J) along the line OF, and tin; two imago's will so'Cin to have 
become one, or are osoincideiit. Corresponding to this prop<;r position of th<! mirror ( 7 , 
the end of the lever L imlieates on the empirically calibrated scale S the distance GC, 
which is called the ^‘range" of the objeset at O.” 

Figure 18 shows the range finder as fittcal to the cameras. A t;ollar, whicli is part 
of each lens available for the Leica camera, fits against a small roller which in torn 


actuates the prism of the range finder. The field seen in the range finder is enlarged 
about tiines^ A circular image is seen in the J.eioia range finder, the centow of 
the image being brighter than the surrounding part of the field. Two complete 
images art) seen in tills center portion unless the range finder is properly focused for the 
desired object. 


* CoKNoa, I. Clydb, The Autofocal Camera, Am. Phot., January, 1937 , p. l. 
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An orange-red filter may be placed over one of the range-finder ports so that a deep 
color is imparted to one of the images, increasing the ease of accurate focusing by an 
increase in contrast between the two images. 

The base of the Leica range finder is approximately 40 mm. 

Zeiss Coupled Range Finder .—The principle of this type of finder is showir in 
Fig. la. 


• 5 ^ 



Fio. 18.—Loicn range finder as fitted to camera. 


“At F' there are two prisma of triangular c'.ross section and very small angle. 
Viewed in the direction of the arrow those prisms would look like the inset in Fig. 19. 
In the figure these prisms arp shown in such a position that a ray of light such as OF 
will pass through tlnun without any change in dirc^ction, and the ray would go along 
the line OK into the eye at K] together tlu^y ac^t 
hero like a alu'ot of glass with paralkd faces. Those 
prisms are arranged so that they will rotate 
about tlu^ line OFK itv opposite direct.ions atul at 
equal rates as the: focnising dewiex^ of tlui (aunera is 
adjusted. Having bt'tui turiu'd for a litth^ way, 
t he pair no longer act like; a slua't of plane parallel 
glass, hut like a single prism, sinet; now on('i Hi<l<'! 
of t.h(^ combination is thic^kia* than thc^ other. 

This can (“asily be (hanonstralc'd by using the 
poinUal (aids of two haul pencils to nqareseni, llu' 

[ii’isms, holding the pcau-ils pc'rptaulicular (o 
t.lx^ phuu' of I'ig, 19, and rotat ing eacdi towards Mu' 
right-hand sidc^ of th(''*figure, in of)posite dircad.ions. 
ddic result is that, the ray of tight is ea,vised t,o 
(h'viate from th(^ path OFK t,o tlu; pjith OFF'. In 
this e,aH(* mirror (} is fixed, as is the slieet of gla.ss 
f’, so that the ray 0(r(- {)aHaeiK into the oyo at. K'. 

It is obvious tluit by rotating the ivrisms as 
(h'svwilx'd tlu; two image's can lx; brought into 
coineiihaua' along tlu' line^ PK'.” 

In l,li(^ Zc'isH range finder, use^ is nuuh* of the 
hu-.t that t he color of light passing i.hrougli a very pj, conph'd nuvgv^ (iiulcr. 

thin nu'tnllie layv'r is eoinfvh'inentary to the color 

of ttu' light refh'ctc'd by t h<^ layv^r. 'Flic (tolors into which whitv^ light are split hy a, 
si'init ransparent gold coat ing are rc'd and grevai which, whvm mixed, hcx'.ome white 
again. 

'riu! image-tlividing mirror is givem a coating of gold so that the objtMvts in f lui 
images will he H(*<n in tu^arly t lu'ir natural cfvlors in tlu; (unit,nil field wlu'n I he canua-ji is 
properly foensed he.causc tlu^ grevm a,ml thv^ rv'd portions of the images will be rejoined 
then. The mecdianical details of tlie range finder are shown in Pig. 20. 
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The base of the Zeiss range finder is approximately 4 in. The field of view of the 
red image is reduced in size so that only the part of the scene to be reproduced with 
maximum sharpness is visible-. 

The following notes on range finders are taken from the Zeiss Ikon bulletin “Con- 
tax Photography.” 

The simplest form of range finder comprises merely two mirrors, one fixed in 
position and the other variable (see Pig. 21). Since “the full distance range Ijetween 
infinity and about 3 ft. only involves a movement of the movable mirror through some 



G/cvss penc//— 
w/f/i sem/-£ ■ 
mirror and 
ref/ecfin0 prism 


Circu/crr wedgies 


Fia. 20.—Rot filing-wedge range finder. 



t, 



21. 8in>pl<' two-mirror range': limlcr. 



3^ whicli inn.sl, Iki linked up wil l) a m()V(Mn(':iit of t lie focusing mount of I lu' k'lia 
through 140°, , . . a small error in the mirror will involve a considerable (U’ror in the 
focusing. 

“A ve:ry (H)nsideua.l)le advance on this eonstrvudion is niacduni in tht; rotating- 
wedgo distance nuh.er. In this instrument, a range of fo(*,using distances between 
infinity and 3 feed involves a revolution of the two wedges through 90°, so that a gain 
in accuracy is reached, together with a comparative immunity from mechanical 
breakdown and damage through shock. 

“A further gain which the wedge principle introduces is that the base distaru^e can 
bo made of a solid glass pencil, one end of which is semi-gilded. This, though valuable. 
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is not so important as the possibility of separating the wedges from the base prism. 
The wedges can be placed on the actual lens mounting, while the base prism and eye¬ 
piece remain in the camera body. In this way, those portions of the meter which are 
most sensitive to mechanical shock can be safely protected by the body, thus affording 
a very high degree of security from breakdown. 

“A still further step in the development of the distance meter may be taken. The 
distance meter may work on the ‘swing-wedge’ method, and its field of view is arranged 
to agree with that of the camera lens. A combined distance meter and view finder 
thus results. The swing-wedge principle involves the use of two cylindrical lenses, 
their outer sides plane and their inner sides ground circular, placed in close con¬ 
tact. The front lens is concave, and remains stationary, while the rear lens, which is 
convex, swings from side to side. The combined distance-rneter-view-finder makes it 
possible to increase the field of view through the distance meter that would otherwise 
only be possible with the rotating wedge distance meter by increasing considerably 
the size of the camera. Such combination is clearly useful from the point of view of 
ease in focusing, quickness of exposure after focusing, and certainty of sharp pictures, 
since there is only one eyepiece to be looked through instead of two.” 

Accurucy of Coupled Range Fiyidevs .—The following data are taken from a paper 
by Cornog.^ 

“The principle of the range finder may be discussed in connection with Pig. 17. 
1 he range of the object is the distances (70, or /if, measured from the (icnter line 
connecting the two mirrors G anfl C, and the ‘l)ase’ B of the instrument is the distance 
between the centers of those same mirrors. Th(^ base B subtends the angle X at the 
ol)ject, so that 

tan A = ^ (1) 


where X is expressed Tn radians and B and R in fecU,, or imhers. This relation may bc! 
exprcissed in terms of the position of the lever arm on tlu^ senUi B (Fig. 17), as in lOtp 2, 


s 


I.J B 

2 7i 


'^rin^ rang(^ of the obj<‘<h. is giv(‘n, tli(U'(^fore, by tlu' ('xpnvssion 


R - 


B 

tan A' 


( 2 ) 


(3) 


whicih may he called the ‘law’ of t.ln^ range finder. 

“Since tln’i aright X is always v<‘ry small, ifi is n(“<^(\ssary (,ha.(. a. ra.ng(^ finder he w(dl 
{amstructed if pi'cscise residts arc^ to Ix^ ohtaiiual: given a good instrument, tlu^ <l(‘ter- 
niining la(d,or tlnm becom(%s tlui a<ljustnumt for (•oimuchmec'. In a. reasonably well 
(■onstnnded instrunumt ol th(^ type; ol b’ig. 17, such as may b<^ found on a camera, the 
base Umglli is al)out two inclu's, an<l wil.Ii ordinary in s(‘tting for <a)ine.id(>n(‘e! an 

obj(H*,t tw(mty f(!(d; distant (*an l)e locatcal within i 4 itudu's, or wit hin a huigth of 
8 iiudu's, whihi ii tlui obje(b, is only three had, away its position (am be loeatcal witliin 
+ 0.1 inch, or witliin a length of 0.2 inch.” 

A good lens operating at an apertnr<( of//l..'> foc.used on an obj(a!t 20 ft. distant 
will hav(! a dtipth of locus from 17 It. 10 in. to 22 ft. 10 im; focused on an ol)ject 4 ft., 
distant objec.tH between 3 ft. 11 in. and 4 11,. I 1^2 hi- vvill l>e in fcxuis ((drede of <a)nfuaion 
>f>oo in.). Thus it may be seen that the acaniracy of adjustment of the range finder 
IS such that the depth of field of <‘y('n the fasti^st hais will tak(‘ can^ of minor errors in 
operating the range finder. 

‘ Ibid. 
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Fig. 23.—Depth-of-field indicator. 


Deoth-of-field Indicator. —K useful accessory included on most miniature cameras 
and on many larger cameras is a depth-of-field, or depth-of-focus, table. Such a 
table shows the distance range which will in sharp focus when the 

upon a given distance and the lens is working at a given aperture. Often the pt - 
of-field table is in the form of an indicator which shows the user the depth as soon 
as he has focused the lens upon the desired distance. All such depth-of~field scales 
or indicators are based upon a certain value of the circle of confusion (see btdow); 
on miniature cameras in which the negatives are often enlarged coiiHulerably m 
making prints, the circle of confusion considered is much smaller than is used when 
large-size images are secured. 

Illustrations of two types of depth-of-field indicators are shown. 

Depth of Field.—If a lens is focused upon a given distance, objects in the plane at 
that distance will be sharply in focus. Objects near this plane will not be so sharply 
focused, but they will be sharper than objects at greater distances from this plane. 

■_ _ If the lens is stopped ‘'down, objects at 

r*’*"* ^ f //r -T^v considerable distance from tlie plane upon 

which the lens is focused may be relatively 
\ } sharp, although not so sharp as objeiits in the 

I ?/ 1 I plane upon which the lens is accurately 

focused. 

-The distance from the nearest to tlu> 

farthest subjects which appear shtirply focused 

Fig. 23.—Depth-of-field indicator. . ,, , i> i i n , • i- j 

IS called the depth ot fieUl. Bnl 1 his chsiance 

range is subjective, depending upon the inability of the hunuiti t'yt* to ilistiiiguish 

between a point and a small circle. 

If the lens is focused accurately upon a given plane, then points of light in other 
planes will not produce points of light in the plane of th(^ film but will pnehuu* <’ircleH 
which are cross sections of the pencils of light which (unno to a j^oint. focus in front of, 
or behind, the film plane. Therefore, the only points of light (^xi.st ing in t h(^ film plane 
are images of points of light in the plane upon whicli the lens is <>xa(dly focused. All 
other points in front of or behind this plane will be rcpnxhiccd ui)on t in* film plane as 
circles, larger circles being produced by point sovircuvs existing at grtuifer (listancw 
from the plane upon which the lens is focused than liy points nearer t he plam* upon 
which the lens is focused. These circles are known as “cindcH of confuKioii.” 

It is generally assumed that, if a print is viewed from a distance of 12 in,, eirclch 
of confusion Hoo in- in diameter or less will not he p(wceiv(ul as cir<‘b*H by the <*>'«*; 
they will look like points. 

A depth-of-field table, can be calculated on the basis of a given ciridi' of confusion 
If a camera makes negatives which are not to he enlarged, t.lum t lic < lci>t h-<if-fi('lil 
table may be based upon a circle of confusion of ' in. If, how'C'ver, tiegnf iv<*s 
are to be enlarged so that the resultant print has circles of confusiem no grentew than 
}450 in., the accuracy with which the (^aincra is focused must he <x)rr<‘Sj)(>mlingly 
greater. Depth-of-field tables used with ininiaturti (ninuwas are oft.tui Imsc'd upon 
a circle of confusion as small as .t-jooo in. 

Depth-of-field TabZe.—Assuming a permissible circle of'confiisiori, the <listan<m 
from the lens of the iKuirest object which is in focus when tlu^ hms is focust'd upon 
infinity, is known as the hyperfocal distance. This varies with focal longth, ciri'ht of 
confusion, and aperture. The hyperfocal distance, in feet, is 


p2 

(/xT C X 12) 
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where F = the focal length of the lens in inches; 

/ = the working aperture//number; 

C — the diameter of the circle of confusion in inches. 

The hyperfocal distance is sometimes defined as 
the distance of the nearest object in focus when the 
lens is focused upon this object sharply and when 
objects very far away are acceptably sharp. The 
value of H is used in calculating depth of focus as 
outlined below. 

In making a depth-of-focus table the distances 

desired are the distance to which sharpness extends 24._Point source is 

beyond and inside the distance upon which the lens focused to a point only in image 
is focused. Thus, if the lens is focused upon a plane plane. Elsewhere the point 
10 ft. from the camera, between what limits will other circle, 

objects be focused? These distances may be obtained as follows: 


* H 'x: n 

Near distance = Yf—j— = F>n (5) 

xi “T" d 

Far distance = Dp. (6) 

and for oljjects 0 ft. or leas from tlu^ camera. 

Near distance =- ~ ( 7 ) 

// + (a - ^ 

Far distance = - - .. r= />y,. (8) 

,r - (a - 1) 

where H = the hyperfocal di.staiic(‘ in feed.; 


a = the distance in find to whi(di tin' catnera is focuscul; 
/ = th(‘ fo(ail length in irudu‘8. 



li/jrampie,--"AHHUixw a Ifnin of 5-iii, fo<Til length, aportur<^//5, of ronfusiori of }ioo diiiuieter- 

Wliat iH the hyperfo(5al diHtanee and what are the nearisst and fart lu^Ht objectn in focuH whan the lonw ia 
foouHed on an objetd 25 ft. diwiant? Flyperforu! di«tan(M‘ // ^’V(/ X f' X 12) ft. 


5 X 5 X 400 10.000 

. 5X12 “ 00 


1(>7 ft. 


Therefore, if the lens in foeinsed iition infinity, ohjeeta 107 ft. from tJi<» eninera nnd beyorni will be in foeun. 

NT V ' , 1- * // X a 107 X 25 

N(air-()bj(><d. diHtane<^ ^ i 21.7 

// “t" 10/ d” 20 

.. I • . r . // X a 167 X 25 

it CL Jo/ "" JhD 

ddierefore objeeta within a of 21.7 and 27.4 ft. will be in 


It will be noted that the d<^pth in frotvl of the plane upon which the ksns is focused 
is shallower tluin the depth behind (farther from the ca.mcra) the image plane. At 
25 ft., an objeset 3.2 ft. in front of the 25-ft. plane will b(j in focus; an object 4.4 ft. 
behind this plane will be in focus. If, therefore!, it is desirable to make an object 
closer than 21 ft. be in focus at the same time an object 26 ft. distant is in focus, 
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it will be necessary to focus the camera on a plane somewhat closer than 25 ft. for a 
given aperture. ‘ 

Universal Depih-oj-field Table .—In the following table (Elastman Kodak) the data 
are figured for a circle of confusion such that the angle between two lines connecting 
the edges of the circle with the optical center of the lens is 2 min. of arc. This amounts 
to a circle whose diameter is approximately Hooo of the focal length of the lens. In 
such a table the circles of confusion are large for large prints and small for small prints. 


Table III.— Universal Depth-of-eield Table * 


Aperture 

diam¬ 

eter, 

mm. 

35 

25 

17.5 

12.5 

9,0 

6.0 

4.5 

3,0 

2.2 

1.5 

Distance 
focused 
upon, ft. 

Depth of field, ft. 

Over 100 

196 - 00 

140 -oo 

100 - 00 

71 -oo 

51 -oo 

34 - 00 

26 -oo 

17 - 00 

12 - oo 

8.5-00 

100 

S6.5-202 

58.6-00 

60.0- CO 

41.5-00 

34. 0- OO 

25.5- 00 

19,5-CO 

14.5-00 

11,0 00 

S . 0 - 00 

50 

39.9- 66,9 

37.0-77.4 

31.0-101.0 

29. 3- » 

25.2-00 

20.2-co 

Ki. 9- oo 

12.6-00 

l(),0-oo 

7.5- 00 

25 

22.2- 28.6 

21.2-30.4 

19.9- 33.4 

18.5-38.6 

16.7-49.2 

14,4-95.0 

12.G~co 

10.0-00 

8.3- « 

6.3-00 

15 

13.9- 16.2 

13.6-16.8 

13,0- 17,7 

12.4-10.1 

11.9-23.0 

10.4-26.9 

9.436.5 

7,9-00 

6.8-«i 

5.4- 00 

10 

9.5- 10.5 

9.3-10.8 

9.1- 11.1 

8.8-11.7 

8.4-12,4 

7.7-14.2 

7.2-16.5 

0.3-21.0 

5 5-51.6 

4. fU oo 

8 

7.7- 8.3 

7.6- 8.4 

7,4- 8.7 

7.2- 9.0 

6.9- 9.5 

6.5-10.5 

6,1 11,6 

5.4 15 1 

4 9 22 2 

4 1- 00 

6 

5.8- 6,2 

5.8- 6,3 

5.7- 6.4 

5.5- 6.6 

5,4- 6.8 

5.1- 7.3 

4.9- 7.9 

4.4 10.0 

4,1-11,7 

3 5- 21 

5 

4,8- 5.1 

4,8- 5.2 

4.8- 5.3 

4.7- 54 

4.5- 5.6 

4.3- 5.1) 

4.2- 63 

3,9- 79 

3.5- 85 

3, M2.6 

4 

3,!)- 4.1 

3.9- 4.1 

3.9- 4.2 

3.8- 4.2 

3,7- 4.3 

3.6- 4.6 

3.5- 4.7 

3,3- 5.7 

3.1. 5,8 

2.8- 7.6 

3.5 

3.4- 3.6 

3.4- 3.6 

3.4- 3.6 

3.3- 3.7 

3.3- 3.8 

3.2- 3.9 

3,1-4 1 

2.9“ 4.8 

2,7- 49 

2.5- 5.9 

3 

3,0- 3.0 

3.0- 3.0 

3.0- 3.0 

2.9- 3.1 

2.8- 3.2 

2.8- 3.3 

2.7- 34 

2,6- 36 

2 4 3 9 

22- 4.2 

2.6 

2,5- 2.5 

2.5- 2.5 

2.6- 2.5 

2.4- 2.6 

2.4- 2.6 

2.3- 2.7 

2.3- 2.8 

2,2- 29 

1 

2 1 3 1 

1.9- 3.5 


' Comp'ited for oritirally sharp definition, for fine detail. Whore fine detail is not oonooruod, as in portniituro, th«! depth 
IS eneotivcly gretilcr, Ihis talilc applies only to normal lens oQuipincni, uot to wide-<i 7 igle, lotig-focus, or telephoto lenses. 


The obvious use for a scale or indicator .sliowing (k^pth of fotnis is to (h'termine 
the nearest and most distant planes which will be in focus when the Urns is a(n‘.urat(0y 
focused upon a certain idane. But the indicator may bo list'd in ottit'r ways. As an 
example suppose that it is desiralile to tiring lioth a near and a far object into focus. 
Which shall one focus upon, the near object or the far oliject? 

Suppose an object is 15 ft. from a camera which has a lens of 2-in. focal lengtli. 
At tlie same tinit^, an objotd. at infinity must be in lotms. Sut'h a It'iis, focused at 
15 ft. and working at//9, will focus all objects between 9 4 and 3.5 ft. witli good sharp¬ 
ness. But the distant object is farther away and will not be sharj). If, howi'vi'r, 
the lens is focused upon a plane 26 ft. distant, all ohjeids betweam iidinif.y and 12.(> ft. 
will lie in focus. 'TlKuvfore the camera should not be hxaised upon ('itlu'r tln^ near 
object or the distant object but somewhere betweep. 

Other Accessories. Discussion ol filters, diffusion disk.s, a.(*c(\ssory sujiplc’tiK'nlary 
lenses, plates, and films will be found in several other chapters of this book. 

Other accessories used by the well-equipped photograplier includi; tripods, cut- 
film holders, film and plate adaptiws, efe. 

‘Gordon, Ai.fred, Depth of Focus in a Nutshell, Am. Phot., February, 10,17, p. 112 (liow to make 
scales and charts); and Martin, F. T., Scale for Indicating Exposiire.s When Bellows is Extended, 
Am, Phot,, January, 1938, p. 38. 
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The tripod is a necessity in all except candid and sports photography. The tripod 
must be chosen for the function it is to perform. If it is to support a small camera 
for a single shot, it need not be so heavy or so stable as the tripod which must support 
a heavy camera siich as that used for making color-separation negatives. For the 
small camera the metal folding tripods are suitable, those made in the Orient excepted. 
In nearly every case these Oriental tripods are "weak in the knees.” They must be 
chosen with extreme care. A 9- by 12-cm. camera can be supported on a metal 
telescopic tripod for a single shot, but, if separation negatives are to be made, a 
sturdier support is needed. In this case w'here three exposures must be made from 
exactly the same point of view, a wooden tripod of heavy construction is recommended. 

The tripod will tend to slip along the floor or surface less if its legs make a fairly 
large angle with the floor or ground. On the other hand, it will tend to move less 
when changing films, etc., if the angle with the ground or floor is small, f.e., if the 
tripod legs are well spread out. Rubber feet are useful on floors; spokes are advisable 
when the tripod is to be used out of doors. 

Hand cameras as purchased are usually supplied with three plateholders. These 
are metal single plateholders into which cut-film sheaths may be placed. Reducing 
sheaths are available for these metal plateholders. Those sheaths fit into the slots 
where the plates ordinarily fit, and the sheaths themselves have grooves into which 
the cut film may be used. A film-pack adapter is merely a holder made of metal, 
usually, with an extension on the rear into which the film pack may be placed. 

Folding roll-film cameras are seldom equipped with plateholders or detachable 
backs into which cut film, plates, or film-pack adapters may be placed. Studio or 
view cameras employ film or plateholders habitually. These are usually made of 
wood and are made in forms which will take either plates or films. In those which 
hold i)lates, film sheaths may be placed so that eitluir plates or films may be employed, 
'riierc'fore the platcdiolder is more uniyersally useful than the holder adapted only 
for cut film. 

Wooden plate or film holders tcmd to warp in damp i)Iae(^s; mental holders tend to 
rust. 

Synchronizc'd flash guns are devices which enal)le the photographer to fire off a 
flash bulb at tlu^ same instant tlu^ shutter of his eanuu'a is opemed. In principle they 
ani all alikci although the pra(dieal applic^ation of the several types may differ. 
When the shutbu- rcdtaise; is pusluul to th(i i)oint where; the shutter is opened an 
<'l<H;trical contatd is made;. Siudi devict^s are gtmerally used with betweon-lens shutters 
and not with foc^jd-plane shuK.ers. In the latter type of shutter, the various portions 
of the film or i)late arc cxpose<l in secpiemte as l lui shuttc^r oi>ening moves across the. 
inmg(' i)lane. 'Flu* [)hotogra{)li<'r is likcdy to find on his negative oidy a portion of 
th(' ('xpi'eted i)i(;tur(; wlum tlu; foeal-platte tyi)c of shutter is used, unless the syn- 
cbronizcHi d('vi(‘(‘ is i)roperly ('rigiiHM'red with this type of shutter in mitul. 

A Uais shade; is an aceenssory that is lit,tie* us(hI, Init whicdi shovdd be in every 
photograplu'r’s kit. Many a pho(,ogra[)h, taken slightly against the light, which has 
t urtUMl out to b(; ra(,h(;r hazy would have! heum sharp if a hms hood or shade had been 
used. 

CAMERA-OBJECT RELATIONSHIPS 

Tlu; matiuial in this ehaptc!!', up to f.his point, deals with the physical equipment 
by which phok)gra|)hs an; made. Good pic,tur<;s, howevtw, depend not only upon the 
('(piipment l)ut upon the nianiKW in which this equipment is used. Much depends 
upon wheue the (;am(!ra was {)la(;e{l when the exposure was made, e.g., how close to or 
how far from the; ol)j(H;t. It is lu'rc, and in other matters, that the photographer must 
use judgment; and, while this luindbook is concerned almost exclusively with physical 
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equipment, the following material in this chapter (and a few paragraphs m the e.luiptcr 
on Optics of Photographic Lenses) deals with the proper rolatians that must exist 
between the camera and the object to be photographed, it a pleasing result is to las 
secured from the photographer’s efforts. 

Perspective.—Most photographs are attempts to represent, on a two-dinunjisionfil 
plane, a three-dimensional scene or object. One of the photograr)he.r’H rnont dillieulfc 
problems is to give the viewer of the photograph some idea of tlui relatiorm in spatm 
existing between the several parts of the scene or object. The api)oaranee of thc» 
several objects of a scene in respect to their relative positions and dimenHions i« known 
as perspective. If a photograph shows these several objects to be in tint nann^ ndative! 
position and dimension as they would appear to the eye if placcul at the pt>Hition of tho 
lens, the perspective of the photograph is natural. A good lens always does this: Ihti 
photograph made with it is natural if the eye looks at the print fror*i tlie prc>per 
viewpoint—^but this is rarely the case. 

When one looks down a long lane of trees, those trees in the receding ilistaufM* weni 
to become shorter and shorter as the distance increases. If the photograph tnakm tlw 



Fia. 25.—Two objects of same height {AB and (ID) are foexisotl at X'Y' and X'Z’ byhaig- 

focus lens or at XY aii<l XZ by short-focus lens. 

nearer trees appear taller, when compared to the distant tn't's, tlian tlmy would appear 
if the observer were actually looking at the scene, the perspexd ivu^ is exaggxT.nt ed and ist 
unnatural. 

If certain conditions are fulfilled, the perspective of tlu* photograph will l»e nmr«s 
natural than if these conditions are not carried out. It is ofUm said that a long-foeim 
lens produces better perspective than a short-focad-kmgth lens. It is inn* that the 
focal length of the lens enters into the problem, but thex (‘SHent ial coiulition ti^ he 
fulfilled is that the angle subtended by the print at the eye rnust be equal to the angle Buh- 
tended by the object at the lens. Under this coutlition the pc^rspeediv'e of t lui print will 
be natural. 

The angle subtended by the print at tlux eyc^ depends ui>on the viewing distMiua*. 
Since lOin. is generally considered as normal viewing distance, wdum t.lu‘ ixrint in held in 
one’s hands, the lens to be used is one that will focus upon tin* sc-nsit ive mtvlerinl whcti 
placed 10 in. from that sensitive material—in otluu- words, a lO-in. l(*nH focused upon 
infinity. 

All pictures made from the same viewpoint, no inattc^r whet her wit b a l(ing-fo«*al-- 
length lens or a short-focal-length lens, will hav<i the same pcrspitctivt*. 'I'lm Hhorl- 
focal-length lens may include a wider field of vi(jw, and a given object, will he stiuilh'r 
than when made with the long lens, but if the fields of view of the final prints are the 
same and if the relative heights of two objects in the two prints are nuniHunul, they 
will be found to be the same. 

In Fig. 25, AB and CD are two images of equal hc^ight hut one is eloH<*r to the 
camera lens than the other. A short-focal-length leas will focus theses iinngeH in the 
plane XYZ. Object AB will have a height on the image plane of XF, and object 


CAMERAS 


95 


CD will have a height of XZ. The ratio of XZ to XY will be equal to the ratio of 
BA to EC. A long-focal-lcmgth lens will focus the two objects in the plane X'Z', and 
the ratio of the two image heights will be X'Z'/X'Y', which, by similar triangles, is 



Fro. 26. —Effect of moving close to object to increase itnaj?® size. Viewed at normal 
distance (IQ in.) a print mrido under these carnditions will appear distorted in perspective. 

eqtial to BA (EC. Therefore the perspective will be exactly the srune in the two 
cases. The images prodru'.ed l)y the long-focal-lcngth lens will he larger than tlio 
images produced by the short-focal-length lens, 1>ut the angle subtended at the lens l)y 
the two objects will be exactly the same in the tw'o eases. The print made with tlui 
long-focus lens should he vitnved at a distaneci OX', while the print made with the lens 
of short focal length slunild he viewed at a distance of OX. If tlui imag('^^A'FZ’ is 
enlarged so that it has (lu! same (Iiinen.sionH as X'Y'Z'., then it may bo viewed at 
the distanee OX', and .so Far as persprsd ive i.s (snicerned tluin^ w’ill b(i no dilh^remre 
between thci two print.s. 

The objection to tire hm.s of .short foenl hmgth Ls f lu^ natural tendcuu^y of th<^ inscw 
to move np elo.se to tlu^ suhjecd. in ordm- to goi a, largr^ image. 'Idus is HU^(^ to 
prodiKUJ an ('xaggerated ptwsp<Hdiv(\ In l'''ig. 2f) I be rela.tivc^ .siy<(\s of fb(' two 
images on the final print will 1 k‘ XZ/XY - X'Z'!X'Y' - Ali/KC vvlien imuh^ with 
the two len.s(‘s from tlu^ sana* vi<>wp<>int. If (he .shorl-fomil-length lens is inov(Ml 
closm- k) tire image (Fig. 2f>), ( hc' ra tio of the two imagres will la* X''Z"/X''Y" «= 
Ali/FC., with (.h(^ resvilb 1 Imt the muirer objtsd, will Ixs larger, wlx'ii (a)nifraix'd (o llu' 
farther objt'ct, than it app<'ars in (he: print made: from (.h<^ longcu' IVxud-lengtli Icuih. 

Exa mple,— rc^lntioii imnp;o tliisianoo, object- tiiHtaiuM), arid fodtil l(aip:th of in 

T 

(> "" d — 'F 

wliore O His5c of ; 

I size fjf inuipco; 

d ^ (iintdiici' of objocl frnno binn; 

F fooal Ic^n^jctl i of I com. 

Af^ume two polon in tho ground, 10 rn. apart and 10 m. lii|i:li. I'ho camara in fir«t piacn^d 20 tn. froni 
th(^ firHt jxilo. Th<i focal lc'np:tdi in 6 cun. (().{)5 ni.). On Uh^ priuL tlic ninircwt r>()lc will hii v(' an 

(iot(a'Uun(Ml by ubovi^ f«>rmula of lOOO oin./(/V^'^) ^*5 tan, 'riu^ poU^ ftirtluM' 

away will have a hc'i^lit of I.(Hi cm. ^PhcHo two iinuKOH will luivi^ a ratio of 2.5:1 .(Hi or 1.5, ^i'bc iimoi;*^ 
of ( ho nearer' pole will bo 1.5 t,iia(‘M an hijj;h h,m (he omi fartlnx’a.wuy. 

Now rnov(^ <^loMcr to poIoH ho tluit the n<s|u;ti.tive in made ail n dintanca' of U) m. from ( In' nearer pole. 
In (liiH <aLHe tlx^ two irnajKo hcip:ht.H wi l l)t\ rewpoctively, 5 era. and 2,5 tmn, or (h<' inoircr i)oI(^ will he 
tw'i<a‘ iiB hiK,h aa tiie fartluo' poh'. 

Proper Viewing Distance, - -Priids nunst he; vienved at ( he proper distance if the 
perspective is to be natural. Considiu’ (.wo prinl.s, <)nc^ ma<l<^ wilh a, .short-foca,l-leng( h 
lcn.S and the otlu^r with a long-focuns hui.s. 'riic; short-foeu.s h'ns was inovcul cdoser 
to the objeud. when thc^ exposure was made (.o .scxiurti an image more nearly ecpial in 
size to that of the other h'ns. If the print made with i.hc^ short lens is hehl at the 
same distance as the print made with the longer lens, (he perspective will not be 

n J-il*. 11 "Till loif iF orr^nlbiiT' * vt ^ ..1 4 .. j 1..- j t *' ’ *'* 
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more natural. The viewer may have to shut one eye so that he can approach close 
enough to the print to embrace all of it, but the perspective will be more nearly like 
that made with the long lens. 

If a scene is photographed with a lens covering a very wide angle, it will be difficxilt 
to view the entire picture at once, so that the print will be moved away from the eyes. 
This distorts the perspective. On the other hand, if a telephoto lens is used which 
covers a very narrow angle, it will be na,tural for the user to move the print closer to 
the eyes so that the print fills the field of vision. This distorts the perspective in the 
other direction.. 

The important criterion is that the print is to be viewed at such a distance that the 
angle subtended at the eye is equal to the angle subtended at the lens by the olq'ect. 

An enlargement from a negative made with a short-focal-length lens and viewed 
from the proper viewing distance will often have a better perspective than a print 
made by contact with a negative produced with a lens of longer (although improper) 
focal length for the viewing distance to be employed. A 5- by 7-in. print made with 

a 7-in. lens should be viewed at 7 in. viewing distance. If 
held at 10 in. the perspective will be somewhat unnatural. 
A negative made with a 2-in. lens and enlarged 5 times 
will produce a print when viewed at 10 in. which will 
have more natural perspective than the contact print of 
the same size made with the 7-in. lens. The difference 
in perspective, however, will be small. 

If L is the viewing distances of the print, / is the 
focal length of thc^ taking l<ms, and n is the lim'ar mag¬ 
nification of the print compan^d with tlu^ nc^gative, then^ 

L - nf (9) 

from which the correct vic'wing distance or t h(^ best linear 
magnification may he foTind if th<‘ otlier two bndors arc 
known. 



Fm. 27.—Relations be¬ 
tween focal length of taking 
lens and proper viewing 
<listance for print. 


Kxample .—What is bewt degree of eiilargeineiit. for a iioget ive niudo witli a 2-iii. (5-ern.) lens when 
(.he print, is to be viewed at 80 in.? (T'hie figure approaeiu'M tlu^ diHtance at. whi<!h siilnu priutM are 
viewed.) 


n 



30 

'2 




'I'hus a r>rint from a 35-min. negative sliould be^ apf)roxiinii(ely 1.8 by 20 in.; or :i(. a viewing distance 
of to in. the best size for a 36-nim. enln,rg<-iiient i.s 5 by 7 in. 


Choice of Focal Length.-—Sinct^ tlu' cy<- includt's an angle of ahonl. 50°, it is advds- 
able to include only this angle in a print. Thus wi' have the rule t hat tlx* focal length 
of the lens shotild b(^ equal approximately to tint ditvgonal of tin' i)la te or film to be, 
covered. For examplt;, a certain lens d(\signed to eov(‘r a 4- l)y 5-in, plat<'! has an 
equivalent focal length of 6 ’%2 i*'- Focused upon an ohjc'ct at infinity, this lens 
subtends at the plate an angle of approxiniabdy 53“. 

1 This may be pi'oved by Fip;. 27. Let d be the tliafjcoiuil of tlu^ r>hite to be covered by a lenn of focal 
length/, and let D be the diap^onal of the enlarg;e*inent. ^I^lie condition Ik that the print and the ncKative 
subtend equal anpcles at the eye of the obHervfu’ and at the lens, reapect ively. 

By similar triangles, /;/2 -h d/2 — L ™ ~ r/. 

But L> *= nd. Therefore 

Nd L 

d f 


or 


N 


L 

f 
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SHUTTERS 

By Al-an a. Cook 

In the early days of photography shutters were seldom necessary. Photosensitive 
materials were slow and long exposures were required. Dry plates appeared in 1880, 
roll film in 1884, and the first Kodak in 1888. For successful amateur photography 
there was then a need for an eximsing device to uncover the camera lens for a definite 
short period of time and then to close it again. 

There were earlim’ sluittcws, many of them homemade. Some wore built like a 
guillotine with a simple slide and a slit in it and a rubber hand sot of springs to snap 
tlie slide opening ac'ross the fiuut of the lens—an 
early con(Hq>tion of the focal-plane shutter. 

Another type (*onsist('d of two blades sliding 
like double doors at riglit angles to th(^ hms axis 
or pivoted aJ)OV(‘ to swing out at th(' shirt. oT t.h(^ 
exposure and back into an ovcudai)ping position 
at the center wh(m thc’i (^xposurc^ (uuled. Such 
blades w(U'(^ of light tliin nuibnlal and could Ix' 
lo(^at(Hl l)cd.we(‘n the Icms ehmumts. ddie (utsing 
(*()uld s(u-ve iis a hold(‘r For tlu^ hms rnounl.s. 

Interlens Shutters-— Tlu' |)rin<*ipl(vs of this 
(^arly d(\sign wc're naturally (‘arricxl into tlu' 
dcvclopimmt of th<^ int<‘rl(ms sliut(('r. This haan 
will b(^ \is(m 1 t.o d(^scrib(' shuticn^s tluit opcm 
c<a\lrally atul a.r<' locatcxl lud.wtMm or ruavr th<' 
hms ('l(Mn(mts, as (list ingiiisluMl from bx^a l-i)lan(‘ 
sliutt<‘rs which ar<' locatC‘d mxir ( het plane of <b(' 
film or pla.t(\ 

l^inglc-bUiilc i^hdUrns. —ddu' ini(M'I <mks shuti<'r 
in jl.s Hiinpl<\st form is a.n exposun^ nuxduinisin 
with a, singh' moving blachx In(e\p<msiv(‘ box 
<‘ain(u*a.s arc* usually (x|uii)p<xl with a. (h^vicx* of 
this kind arul hdg. I shows t lu^ (hd.ails of (X)!ks 1 rmdion of siudi a shutl.('r from 
an Fasliuan cani<u*a. A is tlu* r<‘U*as(' 1 (‘V(m% and /i is tlx^ r(d<\as<vl<>ver spring, 
which has a double^ action a,(‘cording to th<" position of the' doiihh’i-acd.ion link (\ 
''Tlx' main spring I) coniu'cts C wit h t.lu' sluitteu* bhuh' IL Ib)r alte'rna.t.C'; (^xj:)osiir(^s this 
blad(' ()S(‘illal('s b(d\\’(XMi t h(' posit ion shown in solid liru's in h"ig. 1 and the dottexl-IiiH^ 
position. At (audi i)r<'ssur(^ on th(^ rcdc'use l(W(u* tlu^ oix'iiing in thc^ l)lade G revolves 
ov(W tlx^ hms opcxiing // to givc^ an cx])<)sur(' of about 325 Thc^ lug F stops the 

rot.ation of the ))la.d(' at t.lu^ propeu* placx^ afteu* ('X{)(>siir(^ Note that l)oth tlie link C 
and llx' main spring l> hav(‘ a doul)l(' action for a.ll-erna.t(?! (exposures and that the 
a-ctuatirig Fonx^ on llu^ ))hid(' is not th(' dirix-t j)r(‘ssur(^ of th(^ r<d<xise hwer but the effect 
of th(' tension prcxhuxal ii^ i hv. main spring />. J is a, lug which holds the blade until 
the i)r(‘ssur(‘ on t lu* I> spring has <l('v<'l<)p(xl inaximun\ tension. 

Q7 



F" 


I^''i<a I. Cl)nsti'Uct.ion (letnils of 
Ibistinan single-l^ladc^ iiut.omiitic* 
shutter (Julius Springex'). 
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-A mor© modern box-cEimera shutter is shown, in Fi{^- 2. It (‘.onsistt! of two moving 
parts and two springs. When the exposure trigger is de'.pressed, shuttr^r cover 14 
moves from a position-in contact with stud 15 (Fig. 2A.} to stud 1(). In so 
cam edge 25 of the shutter cover contacts stud 18 on the shutter y>lad<% moving it 




Fio. 2.—Shutter of modern box camera. 


across the face of the camera so that the opening in the sfmtler hladts 2f}, etmitss 
opposite the opening 4, thereby exposing the film. When the t rigg<'r is released, 
spring 11 causes the cover to move from its position in li to its originnl i>OHiiion in dL. 
Another, more complex, single-blade shutter is shown in Fig. 3. A is a view of thft 



individual parts t>f the No. 1 Kodo Hhutter 
of Mastmaii Kodak. li shows the iisHem- 
bled shutt.er. 

Figure 4 shows how a. disk diapliragm 
operates to provide* four <lilT<‘r(uit .siaod 
openings for the lens to pentiit an adjuat- 
namt for varying light eouditions. 

Before going on l,o .shutters of moris 
coinplieat(*d dc'sign, it will 1 >e advisable tt* 
dcdiiu' mor(^ aca-uratoly t he ditTen'ut parts* 
of an int(ul<Mus ,shutl(*r and d<*seribc‘ tlusir 



■‘‘lo. SA. —Parts of No. 1. Kodo Bhut-tor for box caiiH'ra. 1, Hpe(><l 
l>ointer rivet; 3, opening lever; 4, or)eniag-l(>v(*r rivet; l)ludo (umttadle 
rivet; 7, trigger spring; 8, trigger iussombly; !>, trigger aerew. 

Fig. 3B .—Modern box-(ainiera shutter, eonipleloly l)led. 


pointier*: 

r; (i, I limit*- 




tunetioM. In general, an inh'rlens shutter has a casing wliich servt's ns a lens bt»hior 
and contains thro(i separate units: 

1. A diaphragming device to provide an adjustabh' afX'rt un' for t lu* lens, 

2. A hlade nKMdiaiii.sm to open and (dosci lor (*.\posur<'. 

3. A retarding device to slow down the action of tlu^ hhuU^s from maximum sj)o«hI 
of action, thus providing a series of definite thn<^ inti^rvals and a lev<>r which can Im not 
to operate the shutter at any one of these intervals. 
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Diaphragms are commonly of two types. The rotating disk shown in Fig. 4 is the 
cheapest, but it does not provide a continuous series of lens openings and is bulky if 
more than' a few stops are to be used. The iris 
diaphragm consists of a number of ring sectors, 
usually made of thin metal, which will be called 
diaphragm leaves. Figure 5 shows the action of 
a typical iris leaf. It has a pivot A at one end, the 
other end is provided with a stud or some similar 


a 


Fio. 4. Fig. 6. 

Fig. 4. Disk diaphragm of simple Kodak shutter. 

Fio. 5.—Action of a single diaphragm leaf (Julius Springer), a, fixed end of leaf on 
{)ivot; h, movable end of leaf at full opening; bi, movable end of leaf at intermediate 
position; b-i, movable end of lead at smallest opening. 




[{istc iiiiig which is fitted into a short slot in a rotatable ring. Three different posi¬ 
tions of the singlei leaf are shown in Fig. 5. Figure 6 shows how a seven-leaved 



Fig. 6. Action of soven-leavod iris diaphragm (Julius Springer). 1, full opening; 2, half 

(Josod; .‘1, smallest oponing. 





b, leaves, 12 in all; c, slotted ring; d, iris opening indicator; c, iris ring connected to d; f; 
ulot to limit rotation of ring; y, slot in which movable end of leaf is carried; h, stud that 
pivots fixed end of leaf in mounting plate. 


diaphragm opcrnti's in suinc t.hrcii positions, d'he central lens opening can be 
made larger or smaller by simple rotation of a slotted control ring in which the free 
(uids of all the leaves are fitted. 
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Figure 7 is a complete iris-diaphragm assembly with 12 leaves to provide opeuinga 
that are almost complete circles. This drawing shows the number ol parts involved 
and gives an idea of the small space within which they can be fd.ted. - 1 lus is an 
important point because the available space between the lenses in modern photo¬ 
graphic objectives is very limited. In small short-focus lenses there is often only 

2 in. of space for diaphragm leaves. , , , - 

Multiblade Shutters.—About 1900, single-lilade shutters were found to be inade¬ 
quate. Photography had to find means of “stopping” fa,ster motion. Double¬ 
blade shutters, as shown in Fig. 8, were the first answer to t his deinnnd. A, /?, and (. 


2 7 


Fig. SA .—FPK Automatic shutter made hy Bausc.h c't Loml) (from W. (>. Hummer) 
1, release lever; 2, pump for bulb release; 5, exposure or; 7, (liapliragim sidjuntmeni 

and indicating lever; 8, lever operating blades; 9, levers oi)enifiug for bulb and time 
exposure. 





Fig. SB .—Automatic shutter made by Bausch T^oniV) (from \V. O. Hanuner). 
release lever; 2, pump for bulb release; 3, pumi) for retarding dcsvic^e; f), diaphragm indicator 
and adjusting cam; 7, diaphragm lever; 8, diaphragm leaves; 0, l)ladoH. 
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Fig. 12*—Photograph 

showing the construction 
of the popular Compound 
shutter, made by Frcdcr- 
ich Deckel, Munich. 1, 
finger release; 2, air piimi* 
for hulb release; puinp 
retarding device; 4, settiiiis 
lever for motor Bprui^; o, 
exposure i n d i < ^ a t > o r ( t i ii i cs 
bulb, in 3 taritaricH'>us) : 
speed-settii'ig: 7* 

phragm adjuntiup: mnl nirii- 
eating lever; S, itilJiiBt iii,K 
0 a m under b «1 1.1' 111M 

dial; 9, pin to eonneet tmtu 
<S with dial (h 


a 



Fio. 13.— Rot.urdiug devic’o^^ 
Compound shutter (JiiliuB Springer!, 
a, air (cylinder; sf)CMMl~Bet t ing ilia!; 
c, speed-setting earn, iit rf; ri, 

Ijivot for speed-setting eriin ; iiiHloiii 
inside eylindor; /, retard-lever link; 
g, pivot for retard-lever link; 4, 
retunl lever; i, pin eon meeting «ii«l 
and earn and regiilatinp: posit ion tp( 
the link /. 


Kio. 14d. McHdiaTu.siri of intHl 

ern (k'>rnpur shut.t.er, //O 
Springer), a, baid^ing ; <\ »el-- 

ting Icn-'er, linked wit.h lea. rs aiiel 

C 2 and mainspring Cn ; c, ndcHUS'C le\'af\ 
linked with f/, and g; 

trigger for tine soedor ring, umv by 
e; i, k\ to fcs, rcdrirt 1 ing 
e, ei, rnedianisrn of sedf-t inu*r; ai. pro 
joctions of sector ring; /n. knrdt fc^r 
<>!>era i ing sel f-t-iinca*; o, ea b 1 <-r«.4 *n% m^ 
l)ushing; p, stop for rcdcHise^ Ic^vi^r r. 
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are different makes of shutters of this period. The blades are clearly shown—in the 
closed position in 8.4 and SC, in the open position in Fig. SB. Although these shutters 
were a great advance over previous models and were used all over the world on 
American-made cameras, they were merely one step in a long series of development. 
As increasing speed and accuracy became necessary, a different type of blade action 
was devised. 

Figure 10 shows a three-blade shutter with blades 2 and 3 removed. In this 
illustration, 5 is a blade wlucli is operated by rotation of the ring 8 through pressure 



I'Ui. 14/^. Uolurdin^ (l<nn(*e of i\\v ('ompur Hhutlor (Julius Mi)riu^:er). /, aliui.Ler 
h( 4 for slowc^Ht speods to tjo hoo,; //, nhutlcu* Hct. for medium bpcchIb from I i o to li oo see.,; 
Il l, shutter sot for fastest hi)cch1s. 

1 lie hilxded p^irts are as FoIIowb: a, Hpeed-indieat.in^i: tiial; /;, fixed plafo support for ruirn; 
r, [)ivot for dial and earn; d, <\ Hr>eed-c‘()nt rol <^ainH working t.og:c<.hor;/, pin eonneeting the 
earns with dial a; a, //, [lins reguhUing pxisitionH of two lovers by eams; pivot of gear sector 
/v, i>ivx)t or sett ing U'ver /); I, pivot of retard levc^r/; ?n, n, eHeaF>ernout rnocdianism whi<di 
is thr<ovn ouf. o( a,<'tion at, Hpex'ds ol t ^ six*, and fiistcu*; r>, pivof. of eseapment lever?;; 
/;, Betting h^ver; /•, gear nUard, a(*ting with .r and m (lJies<'> gears do not ojiorate at maximum 
H[)(M*d l)<M’auM(^ (lu* gear He<4()r is <lci)reBH(xl to its lowoHt (extent, by piu h before lover p 
is <)p(‘rat(xl) ; s, g(Nir seetor pivotixl at f; /, ixMard levin*; Zy gear retard. 


on stud () winch is firmly alla.(di(Ml fo the bhid<‘. Note tluif^ only a f(^w (h^grees of 
rofation ol lb(‘ ring <S suflici' to <)|)(ui the bhuh^ comphd^dy and tluit spring 1) acts to 
(dose it by pulling thi^ ring bn<*k to position h vvhi'ri' it is slx)j)p(xl by stud 10 whi(*,h is 
lixixl in 1 b(‘‘ (uise. All ( his uuikiNs lor rapid aid ion wlum (Ju^ parts ari^ much' of light, 
rigid material. 

I li<\s(‘ are only tyi)i<ail ol the prinidpUss of modia*!! shntt<‘rs l)0(uuiB<^ shai)e and 
nuinlx^r of blades as well‘as the method of operating them are all subject to wide 
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■variations in different commercial designs. The question of blade action in relation 

to shutter efficiency will be discussed in a later pari^raph. ,,,,,„.,vh shutters 

There is one design of blade mechanism which is worth notmgaWough.^ . ^ 
made to that pattern are no longer on the market. Ibis design is ‘‘ 

blades revolving in one continuous motion from closed 

to closed again. The principle itself is interesting because blades J , 

in one motion are theoretically capable of higher speeds than the design .u.tually u. .d 
at present in which the blades open, come to rest, and then close again. 


Seftiag . 



lever 

Fig. 15.—Photograph of modern Compur 
shutter. 



Fig. 10.—lllustnit ion of Kodamatit^ nhut- 
ter. 



Retarding Devices .—In the timing-control mechanism of a shutU'r there imv(> lieeii 
tried a number of different mechanical principles. Among the First were adjmt abU^ 
spring tension on the main lever of the shutter (the one which oiieratt^s tin* IdutlcH) 
and the application of a leather brake to a coil spring to slow down its aetinn. 'Flm 
air pump as a retarding device was mentioned in an American patent in ISHf) and lui.‘^ 
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- Ilex Optica! Co.. Roche>ter, X. Y. 

Note; The upper nunibers of the pairs are in millimeters. The lower numbers of the pairs are in ineh^. 
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been used a great deal. It is reliable so long as it can be kept clean, but this is hardly 
possible in a hand camera that is exposed to dust when in use. A later method, first 
made practical in 1910, depends on the braking action of a train of gears or an escape¬ 
ment-wheel mechanism of some kind. This gear and escapement retarding* device 
is now considered the most accurate yet devised and is used on all modern intorlens 
shutters. 

With three separate mechanisms built into one small casing, it is not surprising 
that a photographic shutter is a complicated mechanism. It has to be to fulfill the 
functions of diaphragm action and timing control. Figure 11 is a drawing of the 
complete assembly with lenses attached. The mechanical clearances are very small 
especially in the smaller outfits, and this is one reason why amateur repairs nearly 
always end up by ruining the shutter completely. The remarkal)le fact al>out shutters 
is that designers have been able to put so much mechanism into a small spacer and 

that manufacturers have been able to 
make them perform reliably. 

Automatic Action ,—There is one other 
point to be considered in tins short outline; 
the difference between automatic shutters 
and those that have to be set for each 
exposure. Early shutters were all the 
second typo; there was a. setting lever plus 
a release lever, and two operations wore 
required to completes ttu^ t^xposure. This is 
a disadvantage tliat wa.s r(Ha)gtu/AHl at the 
beginning of shuttcu* dc^vu^lopnumt. Auto¬ 
matic shutters were attemj)tCMl by designers 
as early as 1892. T!\e ])rin(Mple had 
already been demonstrated in the triggeu' 
action of automatic rcwolvers. As apf)li<*d 
to shutters, this trigger action consists of some mechanical arrang(unent. of two spriiigs 
on thc^ main Icwer of a, shuthu* in sucli a, fashion that tlie shutten* bladcvs are (dosed by 
spring 1 after being forced l)y liand against the pressure of spring 2; i.r., spring 2 
opens the l>lades when released after tension is applicul to it by IuuhL Aflei* its action 
of opening tlie bhides, it is disconnected from the levcn* by a. sli[j (^at,(di (or sonu^ similar 
(leviccd and spring 2 is then fre^e to close tlie blades. 

It is a simple devica^ me(duinic^a.lly, and tluu'e many ways to a,c(a)mplisli this 
a,utoinat,ic feature oF shiitt(n‘ neddon. I^ut tJanx^ is, as usual, a. clisa-dvain t ag(^ In 
autorna.ticr shutters spring 2 must op(m th<^ ])la<l<^s against th(^ pr(\ssur(^ of spring 1, 
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Fra. 18.—Retarding device for Wol- 
lensak Betax shutter. 1, lever engaging 
i)inion on escapement; 2, escapement; 

pallet whose number of oscillations 
are controlled by escapement 2; 4, jiallet 
lever, offering resistance and providing 
smoothness of operation; 5, slot in escaiie- 
inerit balance in whicdi pallet lever rides. 
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therefore it must be stronger than spring 1. From this it follows that an automatic 
shutter never closes so fast as it could if it did not have this double-spring feature. 
For this reason the fastest interlens shutters are not the automatics but are of the 
tyn-' tha*" must bo set by hand liofore each exposure. 


—Dimensions—Wollensak. Studio Shutters 



OiitHide (liarueiftcjr, 
iu. 

Idght ot>enins, in. 

Lens op caning?, iu. 
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2 h'e 

21^6 

No. 5 


4^ii 

2'K6 


No. 5 
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■i H 


No. 6 

5 

«7'h 

4 J 

4 ta 

No. 6 


Focal-plane Shutters.—-Tntorlens shutters have certain disadvantages: (1) maxi¬ 
mum speed at prosimt is al)Out sec.; (2) their efficiency at high speeds is low; (3) 
shutters of largo sisst! are always slower than small ones of the same design on account 
of the incnsased friction and the inertia of the parts that must he set in motion. This 
is a divided disadvantage with largo-aperture lenses and has led to an almost universal 
us(' of focal-plane outfits for high-speed fihotography. 




Fm. 19.—Curtain of Graflex shutter. 


TKNiilON 
NUMBC R 
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‘ CURTAIN APERTURE 


'’I'lu^ focal-plnno shuf for is sim[)ly a l)lnck curtain, like a window shade, on two 
rollers with slits of diffma'iit width cut across it. I‘’iguro 19 is th(^ curtain whicdi can 
1)(' wound (<) u.s(> any on<' of four slits. (d'he sciuan^ opening at the top is for time and 
hull) ('xposuri'H.) 'I'h<' spring t.i'nsioii on (,h(‘ (‘urtnin is also vaiialile and is controlled 
1)>' n s('pani((^ winding key. 'rtui r(‘sul(.H, ex|)r('sse(l in reciprocals of 1 sc’jc., arc tabu- 
lat(‘<l on 1 he imlex [)late, Mg. 20. '^btu' wholes 
outfit, littial in its frame and assemhU'd on 
tiu' back of a (Jrnflex (ainu'ra, is illustratml 
and dcscril)c'd in Fig. 21. '’Flu's is i)rol)al)ly 
the sim[)lcH( form of foi-a 1-pIashut(-cr. 

In (he L(‘ica cainera the di'Mign lias Ixaui 
(diatigcd to ])i'ovi(h' a, slit, of vaI■inbl<^ width 
instead of a. number of slits, and tlu^ liltn- 
winding nuadianism has been geared to thc^ 
shutliT-winiling shaft, so (hat both opm- 
.atiouu arc performed with om? motion. 

'I’his .v’lutter i.s now actnallv inadi' un ol 
two curtain.s. 'Fix' MC[>a.ra( ioti ol tlx' ends 
is the slit of variable widt h. Slit widt h is a-djustcd to the proper value, in sotting the 
shut ter for mxi»osun', by winding up tlx> curtains on one rolhu-. When released, spring 
pressure (in t,\v<i sc[)a,rat,<‘ rollers a,t, t'ix* orber tuid of t,lx' (ui-m(u*a draws the tavo cmlrttins 
across (Ix^ film aix>r(.urc as u uidt. 'Fhe rangi^ of rated spijcds on the latest Leiea 
eann'ras is from 1 to ' i oou see. 
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The shutter of the Contax camera uses a metal strip assembly instead of clotdi as 
curtain material with an adjustable width of slit. This Contax shutter is rated at 
H 25 0 sec. at its fastest speed. 

The advantage in respect to speed that foeal-plane shu1t<u-.s Imve over ( hose of the 
interlens type is due to the fact that the focal-plane slmttcu- .lo('s not. expose t he u'hole 
area of the film at once. The blades of an interlens shut ter actually move inxudi 
faster than a curtain at the focal planej for example, assTime a, j s~in. slit in a. (uirtiiin 
shutter set for Kooo sec. in a miniature camera, the film width Ixuiig about \ % in. 
(f.e., in.), and the slit requires illooo or 0.00909 sec. to compk'te tlu' exposure'. 

Compare this with an interlens shutter where at maximum spc'od ( h(^ bla.(l<'.s oj)on and 
close completely within or 0.002 sec. in the fastest modc'ls. 



Aperture 

i/idicafor 


Curtain 
^wMing key 


Retease 
' frigger 


Tension 

Indicator 


Tension 
winding knob 


Fig. 21 . — Back of Graflox (^aniora sliowiii^ foi^nl-plashu(t (‘r coiiHt ruct ion. 


A disadvantage accompanies the high spcM^d of rocal~ph*ine shutlcu's. "Tlu* renult 
is distortion, caused by the fact that a moving ()l>j(M*t- is not <u>mphd(‘ly ^^stopfxul 
by a focal-plane shutter but changes its jxdsition <luring t.h<‘ tim<^ rfspiin'd for tlu^ nlii 
to travel across the area of the ftlni. (dlipticMl wIum^Is of racing (*ars nrc a funiilinr 

example of this. This distortion makes th<‘ hxail-iilain^ shut t(M* uiisililahh^ for am'ial 
mapping where complete freedom from xlist-ortion is (l(‘sira.ble. 

Shutters of Special Types,~There are i'rw othm- kinds of shuttvrs that ikhmI Ih* 
mentioned. Those for studio use are geucrally ma.<l(M>nl3' iti larga^ siz(\s, t<» a(‘(‘<)inin<»- 
date portrait lenses, and are limited to a l)ull) (^xposun‘. In t ln\s(‘ shutters om* sed of 
blades often serves tor both diaphragm and shui t-<‘r blmhxs by t he* introdm*!ion of a 
stop ring which can be adjustcnl to pr<‘V(mt t.h(‘ l)la<l(NS fnun ojxmiug to tluhr full 
extent when the release is operated. ICxposurt's ot about *5 J^ec. ai’(‘ t lx‘ fast <sst posnibh^i 
with these outfits, and longer exposures are s(M*un'd by holding t lx‘ r<t<‘as<^ for t lie 
required length of time. 

In a stereo shutter two separate bla<le a,ss(mibli('s a.r(‘ moiintcal at tlx* propc^r 
tance in a single casing and connected by a long l<w(‘r to opc^rate from tludsturulard 








SHUTTERS 


111 


•mechanism of one of the shutters. Shutters of this type are never so fast as the 
standard models with one set of blades. 

Another and different principle is found in tho louver or Venetian-blind shutter. 
One mmlel was designed for use in an aerial camera and was located midway between 
the lens and the plate. There have been few practical applications of this type. 

Eflaciency and Acctiracy of Shutter Testing. —Interleros /Shutters .—Effieioncsy may 
be defined as the ratio of light transmitted by a shutter durihg the exposure interval 
to the amount of light that would have gone through if the full aperture had been open 
during that interval. An efficient shutter is one whose blades open fast and close 
fast; the wide-open position should be held for as long a part of the prescribed exposure 
time as possible. Efficiency varies with the size of lens aperture that is employed. 

The efficiency ratio may be e^xpressed graphically when the constants of the shutter 
have been determined. A typical set of such diagrams are shown in Figs. 26, 26, 


9 


Fio. 22. Focal-plune Hhuttcr of Ixiica camera. Tho parts labeled are as follows; 
c, rollor for c'xttuiHioii bands of lowor curtain i;/, uj^ixir ourtnin; (/, extoiiHion bunds; h, 
spring rollor for bands ff of upi)or curt.ain; i, lowcv curtain; Hpriiig rollor for lowcv (Uirtain ; 
/r, i>iii <'onno<‘ling rollors c and r; rn, winding knob; /i, coupling pin cionnoctiiig winding knob 
m with a.vlo. 

and 27. In (lu^so the; aron DT (or 1)7' for Fig. 27) r(*pr(*H(mtK id<!al p(;rf()rinane(; or 
full op<Miiug for tlu' total in((‘rval at whicdi th<‘ shuttc'r is H(;t to op(;rn.l(;. 'I’Ik; shadc'd 
nn'H in (nich (lingram roi)r<‘K<;nl s t ho t inu; t in; sliut t tu is a(d \inliy open, and the rat io 
of tlie two i.s tho oflieiency in porcentiig<'. 

'I'Ik; (U-terininat ion of t in' (•oiiHla.nt.H of any part icular shut tfU’ r<;(pures spcicial 
(‘(pii|)inont. of a high order of precision. Oik; really ihhmIs a kIow-imoI ion picdairo of t.lu; 
shut tor blades in tlu; act of opening and closing, and the separate; piet.un's must, be 
exactly timed, bnch a H(‘t of [lictuix's is pr<'.sonl(;<l in I'’ig. 28, arid tin; tinu; interval 
b(;twecn picturixs in this case* is l iooo sec. 'I'lu; timing a<;(;ura.<;y ol the shuttt'r is 
shown also, laung ^tiooo h('<‘. for this particailar (‘xpoHurc*. Effi<;i<;ncy is }i<;re 
nu'asurnble by .simply (;oinparing t he; total op<;n ar(‘a of the blades in all exposnnss on 
th<; print and t lie iihnl Hr(;a of I 1 pict ures at tlu; full (;ircular aperture; in this case it is 
ubout 00 p<;r cent. 
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The apparatus required to make such an analysis, as shown in P ig. 29, wm d6sigii©d 
by P. G. Nutting for use in the Kodak Laboratories. It consists of an arc lamp 
light source, a constant-speed motor to drive a cylinder on the rim of which are 
20 small fiat mirrors, a holder for the shutter, a small lens to form an image of the 
blades, and a rotating drum to hold the film that is to record the separate images. 
The mirror cylinder must turn at exactly 60 r.i^.s. (or 3000 r.p.m.) if its 20 mirrors 



Fig. 23. —Mechanism of metal focal-plane shutter used in the Contux camera. 



24. Linked metal bars (lower left) and assemlily of bars in focnl-tilane Hhuttrtr for 

Contiix. 


are to give exactly 1000 flashes per secoiul on the shutter l)lu(l(‘.s. It, i.s iinpoHsihle t<» 
make an accurate determination of efficiency witliout speu-ial apparatus like^ this. 
. hotometric methods are accurate if properly ca.rrieMl out,, hut they involve* imnsidiT- 
able labor for a complete analysis. 

Shutters. In the case ot toeai-plaiie slmtt.ers, <'fliei(‘ncy is more easily 
ytermined. All one needs to know is the essenlial U*ns a,n(l shut,ter dimeiisionK 
given m Fig. 30. Examination of this drawing shows that tlu* distance K lietweeu 
t e shutter curtain and the film is the detenniniug fa,(dor in efficiency. Only when 
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E i.e., when the shutter is at the emulsion surface, is a focal-plane shutter 

100 per cent efficient. The aperture ratio of the lens also enters into the calculation, 
so tha,t a focal-plane shutter 80 per cent efficient for an //4.5 lens may be totally 


->fT^ 
--( 



n 




— I _ J. _ 

\ /' '' 


H-- -T .->1 ]<--T ->| . ^ 

, 25- Fio. 2(). Fia. 27. 

Pig. 25^^Efficiency diagram of inlerlen.s shutter. The total time of operation of the 
rntinio during which the loaves are entirely open is To. During the interval 
A the shutter is opemng, whereas during Tn it is closing. D represents the diameter of 
the aperture. The efficiency is the ratio of the shaded area to the area of the entire 
rectangle, and may he expressed as 

^ JtHT, + HT, + MT,) 

DT 

In this case, the efficiency is <Sr>.5 per cent. 

PhG. 2(5.--I':fficiency diagram for interleiis shutter. The efficiency of the shutter 
roproseutod in this case is less than that of the shutter of I'’ig. 25 because the ratio of T-z/T 
IS much less than in the former euse. Kffifrieney is Gl.l per cent. 

interloiis shutter, illustrating that for a given shutter 
speed, the ahutter efficiency, •»,, increases as the diameter of the aperture. D, is decreased. 
h.»lnciency is 84,5 per cent. 



f<wt strip, d'ho single (‘xposures are made with a time interval of 
looo aec. each. Sliutfc'r c^^ci<Mu^v is about (U) per cent for this case. 



Pio. 29. Shutter-f est ing outfit of P. Cl. Nutting. <i, arc lamp; h, motor drive; c, mirrot- 
wIh>c1 nssemlily; <i, shut tc'r hol<h>r; c, auxiliary h'ns; /, drum for film strip. 


unsuitable wh<>n an /'2.() lens is put on tlic .same caiiMM-a. In h’ig. 31, slit widt.h and 
cfficicmcy arc plot teal for thrc'c' clifTcrcnt values of c, and typical (dficiemey curves 
arc* drawn to show how ellicicuicy varies with hms aperture'. 
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Shutter Tests .—To test the accuracy of a shutter one does not need the special 
equipment required to make a measurement of efficiency. Neon tubes operated on 
60-cycle a.-c. line give 120 flashes per second, which is suitable for testing the slow 
range of shutter speeds. Such a test requires only a good tripod or a steady hand. 
The pictures must be taken at night. Pick out a neon sign in which one vertical 
line is well separated from the rest, take the picture from about 6 ft. distance and 
from a position such that other lights do not fog the film, and swing the camera 
steadily during the exposure so that the image of the neon tube moves steadily across 
the center of the field during the time the shutter is open. T'his will give one flash 
of light on the film for every M 20 sec. that the shutter was open, (for 60-cycle source), 

and by simply counting the number of lines the 
length of the exposure can be calculated. 

For faster exposures a rotating automobile 
tire is a suitable test object. The idea is to 
measure with the shutter the length of travel 
of a piece of white tape stuck on the wheel in a 
radial position to extend all the way from the 
outer rim of the tire, the point where it touches 
the road, to the center of the hub cap. In an 
open space where there is plenty of light, jack 
up one back wheel of the car. Use a long piece 
of white tape ii'- wide, mark it with two lines 
as shown in Fig. 32, and stick it firmly on the 
tire and hub. If the sptiodonieter is correct 
and reads 15 m.p.h. when the picture is taken, 
the outer portion of the tiro will then be rotatr- 
ing at 30 m.p.h., when one wheel only is rotat¬ 
ing. This speed is 158,400 ft. per hr., 44 ft. per 
sec., or 528 in. per 8 (hi. (0.528 in. per j 1000 nee.) 
The photograph sliould be taken w'ith the 
camera in line with the axle and at a distance 
such that the wheel and tire fill about half the 
film area. By measuring on the print and 
scaling from the 5.28-in. distjincci n\nrked on 
the tape, the travel of the > 2 - 10 . wirlth of the 
tape during the shutter o{)ening c;an l)e meas¬ 
ured. One must remernbtir that tlu^ tape is 
actually in. wide. It should appear plus 0.528 in., or 1.028 in. wide for a shut¬ 
ter exposure of exactly Mooo sec. Furthermore, the travtd of any point of the; tape 
not on the outermost portion of the tire is proportional to its distaiua; from t.lie 
center of the huh, and its rate of travel can be easily det(wniined. On a 16 by 5.50 
tire, for example, the o\itside diameter is 27 in., radius 13.5 in. For a point 10 in. 
from the hub the speed ratio is 10 divided by 13.5 times 0.528 in.—which eciuals 0.391 
in. in Kooo sec. 
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Fig. 30.—The essential lens and 
shutter dimensions required for deter¬ 
mining the efficiency of focal -plane 
shutters. C, curtain of focal-plane 
shutter; X), diameter of the lens 
aperture; distance between shutter 
and photographic material; F, focal 
length of lens; X, camera lens; P, plane 
of photographic material; S, width of 
slit in shutter curtain. For focal- 
plane shutters, the efficiency is given 
by 

_ 1 _ BF 
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ED 
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The results of this method of testing will ho found diflicuilt to interpret in the (tast 5 
of fo(“-al-plane shutters, bocavisc ol the distortion fact.or previously nuuitiotuHl. It 
does give a true measure of the ability of a shutter to stop motion arid to that (‘xtcuit 
is a reliable t(!St of aetmraey when earefidly earrii^d out. 

Care of Shutters. It is in order to list a lew precautions for t-lu^ user of photo¬ 
graphic shutters of any type. A good shutter is built likci a good wate.h and should be 
treated with the same consideration. It should not bo oiled, greased, elc>aned, or 
taken apart by anyone except an expert repairman. If the shutter fails to work 
properly, send it to the manufacturer for repair. Keep it as free from dust and dirt 
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as possible and in a case of some kind when Tiot in luse. Caiuoras with focal-plane 
shutters made of (doth Bhould not bo \o.it op<n) in th<^ sunlight; the sun’s image is hot 
enough to burn holes in theni. In faet, it is unwise^ to leave a camera open in the 
sunlight at any time. The ^(^H,soll for this is tliat the emulsions used on films have 



Kuj. ;U, h^nicMCMicy of focul-plam^ shuttcM’ at diffcn’c^nt distaiKies from tlu> filrii plane to 
(lie Hhutt(M' ourtaiu, K, (hirvo* E — 0 ts icU^al impossible in practioo; curve 

E « 3 is r>lot(.o(l for 7/4.5 hms of 120-inin. fo(»ul longtlp (uirve E — 10 is plotk^d fQr//5.7 lens 
of 2(U)“inni. focuil length; curve K — 2n is plotUnl For//5.7 lens of 2(U)-tniri. focal length. 



t'un Auiomobilc^ iir(^ ns n shut ter ol)j<‘<‘(- If/*i is (-ho angulnr v<4o<^it.y of (Jio 

point pu and /'y ( h<^ JUiKular v(4oci(y of/>-►, I Ian a nd ( lu^ shut ter npiM^ds may 

Ih' (hUcriniruMl by pho( ogrnphing (lie wlnad while rot at i ng at; a known Hi>e(Hl. 

luan (mornioiisl y in<*reas<‘(l in .s|)(‘<al during t li(‘ past-fewv y<‘ar's. (/a nuu’as a ml sliu(.t<a's 
\\nvr not; ytd caught; up with (Inuu, from (In' point of vutnv of Ix'ing built- lo j)r('V(ail. 
fogging wlaui (h(' outlits ai*e hd’t in bright sunlight- for.a (‘onsidtu'abh^ huigtli of tinnu 
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CHAPTER VI 


PHOTOGRAPHIC MATERIALS 

By Haywood Pakkejr 

Many substances are sensitive to light and thus can be used to form photographic 
images. The modern art and science of photography, however, is based almost 
exclusively on the use of the light-sensitive gelatino-silver halide emulsions. The use 
of various other materials, such as bichromated colloids, the ferroprussiate or blue¬ 
print papers, the diazotype materials, and even the collodion wet plate, is restricted 
to such specialized fields that they are not generally included in discussions of photo¬ 
graphic materials. 

In general, photographic materials are made up of two basic; parts: the light-sensi¬ 
tive emulsion, in which the image is formed; and the base or mecha.ni(;al support 
which maintains the emulsion in the correct geometrical form. In addition to thcise 
two essentials, practical materials often contain additional layers for various special¬ 
ized purposes. 

Photographic enndsions in gcmeral fall into two classes: negative; emulsions, very 
sensitive to light and intended for use in the camera; and positive ciinulsions, much 
less sensitive and used for preparing prints from the camera n(;gative. Although 
there is actually no sharp division botvemen these two classes, in general tlunr prop¬ 
erties differ so greatly that they are; usually c,onsidered separately. 

The Emulsion.—The light-sensitive layer, or photogrnpliic; (unulsion, consists of a 
suspension of minute silver halide crystals in gelatin. Thus it is not a, true; cunulsior 
in the colloid chemical semse but, ])y virtue of widespread and long continu(;(l iisc', 
the term has taken on this specialized meaning in photography, and tlierc; is little; 
danger of confusion. 

Preparation. —Negative; e;mulsions a.re prepa.re;d by adding ii solution of silvew 
nitrate slowly to a solution of potassium bromide^ aiid gelatin, with conlimial stirring. 
By doidile decomposition this produe;e's a preuupit.ate; of silveu’ bromide' vvhic'h is k<;pt 
dispersed and prevented from se;ttling l;y Ihc gehitin. Hince; fre'C' silveu- ions temd to 
re;aet with gelatin, (rare is taken to ke;e;p the pot.as.sium bromide; j)r(;se;nt in c'xcc'ss 
throughout the pr(;e;ipitation. 

After precipitation is complete;, the e;mulsi()n is dig(;,s|('d, by boiling if it is a.(;id, 
or at a moderate temperature' if it is made alkaline; wit h aininonia,. During t Ids treat¬ 
ment, the smalle;st crystals te'tid te) go inte; solutieui and te; prercipitate' on the* largea 
errystals (Ostwalel riperung); there is also a tendency for recrystallizatieai threxigh 
eollisioiis anel e-oalerserenee;.' 

When the riperung has be;e>n e;arrie;el to the dersire'd point, the; e'lnulsion is (;oe)le;d to 
allow the gelatin te; sel'. It is then shreeleled inte; small pie'ci^s and wa,sh(;d in e;e)ld 
water to remove the seluble; potassium nitrate formcel as a by-j)rodne;t of the; {)r<;cipita.- 
tion reaction as well as the excess pertussiuni hromide. 

After washing, the emulsion is again incdtcd, anel more ge;lat in anel various spercial 
agents such as hardeners, wetting agents, etc., arc added. Ne'xt the; emulsion is giv(;n 
a further ripening treatment and is then mixed thoroughly, lili.ere;d, and coate'el in a 

1 Sheppard, S. E., and R. H. Lambert, Grain Growth in Silver Halide Precijiitales, " 'TJolloid 
Symposium Monograph,” vol. C, p- 266. 1938. 
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thin uniform layer on the properly prepared support material. Here it is set by 
(‘hilling and dried. The drying conditions must be carefully controlled to prevent any 
sudden changes in the rate of drying, which would cause variations in the sensitivity 
over the surface of the ernidsion. 

For most negative emulsions a small percentage of potassium iodide is mixed with 
the potassium bromide. This produces mixed crystals of silver bromoiodide which 
are more sensitive to light than the pure silver bromide. The ripening treatments also 
cause a great increase in sensitivity, partly because of the increase in grain size but 
largely due to a reaction with certain components of the gelatin. 

Positive emulsions are prepared in a similar manner, except that chlorides or 
mixtures of chloride and bromide arc normally used instead of bromide and iodide. 
C'hloride emulsions for contact printing papers are often eoated without washing to 
remove tlic soluble salts. 

In actual practice, each of the al)Ove steps may involve several operations, and all 
the steps are mutually interdependent. They must all be carefully adjusted to one 
another in order to obtain the properties desired in the finished emulsion. While a 
great deal of resc^arcdi has l)ocn carried out by photographic manufacturers on th<^ 
efTetds of variations in the different steps, very little of the information gained has 
found its way into the scientific liferature. Actually this is of little importance since 
it is a knowl(Hig(‘ of the properties of the finished materials, rather than the details of 
manufiudvire, which is of iutcu-cst to the user of photographic materials. 

Photographic (rcldlin. —Tlu^ uniepu^ importanc(‘ of gelatin in photography is due to 
its dc'sirahU^ physical cliaract(‘risl ics, (Combined with (certain peculiar and very valuable 
chemical propc^rt ics. 

Physically, gi'Iatin has the property of absorbing watew and sw'elling. Below a 
ct'iiain t(‘mperature range (ordinarily 35 to 40°tb) this swelling is limited, and the 
g(‘latin n'inains in t he semisolid g(‘l form. Above this temperature the swollen gelatin 
nu'Ks to the sol form, or a colloidal solution, which will tak(^ up water without limit. 
When th(‘ sol is cook'd, howeveu-, it will again .set to a. iirm gel even in concentrations 
as low as 1 p('r c<'nt . 'Thus t h(‘ gelatin is part icularly suited for use a.s the binder for 
tbe s('nsitiv(' sil\(‘r halid(' grains, since it can be made! altc!rnat(4y ruiuid or .solid as 
re<iuir<'d in the various s((‘p.s of iminufactlire, and aft('r ('X{)o.sure of the finisluul mat(!- 
rial it will aga in swell to allow pt'iu'l rat ion of t h(( (k'veloper chemicmls to the exposed 
grains. 

In addition to its action as a mechunica,! biiuh'r, it. also acts as a prote(d.ive colloid. 
If acpu'ous solntious of silv('r nilrat.e and potassium bromide ar(\ mixed, the resulting 
minute' i)!irticies of in.solnbh^ silver bronfuk' ra[)idly agglonun-ate': into a curdy precipi¬ 
tate' whi<di settk's oid. Also, tlu' particles are .s})onta.mH)usly developable, i.e:., a, 
nornnd photographic devt'lopt'r .solution will n'du(‘(' all the silv('r bromide parti<des to 
mi'tallic silva'r, ('\-eu without exi)o.sur(' l() light. Ilowevc'r, if ('V('n ti small (piantity of 
g('iatin is |)re.s('ut, it pn'vcnts tiu' agglonuu-ation of tlu' particles, and it. also prevetd.9 
!Uiy action by tbe (k'Na'lojx'r until tlu' grains ha.V(' Ix'cn remk'n'd dev('lo{)able by 
exposure to light or by .soiik' chcndcal action. 

,A.n (‘((nally important property, how<'\‘cr, is tlu'crb'ct of g('la.tin on t he sc'usi t ivity 
(d' t he grains. W hen t h<' siher bromide is lirst pn'cipitated, it is comparatively 
insensitive. I tilling the digestion, howi'ver, thi' .sc'iisit i vit y may Ix' incri'asi'd from 
lt)t) to lt)l)() times, pro\ ided a suitable gi'latin as used and thc' initial prc'cipilal ion 
\\ as made in tbe proper manner. 'This .sensit iz.ing act ion is part ly due to t la* [)rc.scncc 
in tbe gi'latin of miniiti' (|uantities of ci'rlain types of organic com|)ouuds containing 
labih' sulfur wbicb, under the conditions of the iligc'slion is capabk' of n'acting to form 
spi'cks of silver suKide on t in* surface of I he silvi'r bromide grains.' 

> SfiKPrAiti), I'/., Phot. J., 66, WHO 

_ __, Soinr KupUjih in Thot (>m a i iliir Sanwil i vi( y, ,/, Sor. Mottini I^irture Pngrs,, 24, 500 (1035). 
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Silver Halide Crystals .—The photographic properties of the emulsion are con¬ 
trolled chiefly by the composition, size, and condition of the silver halide crystals. 

The slower positive emulsions are composed of silver chloride, silver bromide, or 
mixtures of the two in various proportions. The faster negative emulsions consist of 
pure silver bromide, or, more usually, silver bromide with a small proportion (3 to 
5 per cent) of silver iodide. 



Fiu. 1. —Grain structure of a medium-speed emulsion. (Maj^nilication, about 158()X. 



Flo. 2.—Grain struoturo of an ultrarapid emulsion, shovvin^i: tin' hexa^jjonal niul ^riull^rula^ 
shape of many of the grains. IMagiilfKratiou, al)Out 3500 X-) 

Th(5 grains vary in siz(' from submicros(a)(iic up to as iuu<‘h, in (‘X(*<‘pti<)nul caH<^s, 
as 7 or H fj. in dianuder. Tlu^ availabh^ evid(uu‘(» i!uli<*a.t.<‘s that all th(' grains, 
thos(^ below tln^ limits of nxsolutioii of th<‘ mi(*ros(*ope, an^ defiiiitcdy <*ryslalliiux 
larger grains show the form of flat Inwagoual or triangular plates witJi rouiuhal 
C'Orners, though occasionally needle-shaped crystals and irregular him])s appear^ 

^ TRAVELi.r, A, P. n., and S. K. Sheppard, “ '!yiie Silver Broiuide Grain of Photographic hhn.uInioiiN/* 
Van Nostrand, (1021). 
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(see Figs. 1, 2). Owing to the unidirectional shrinkage of the emulsion in drying, 
these flat crystals are oriented parallel to the plane of the emulsion.^ Though the 
smaller grains appear only as round spots in photomicrographs, owing to limitations 
of the resolving power, it is reasonable to believe that they belong to the same crystal 
species as the larger grains. 

In any one emulsion the large grains show, as a class, higher sensitivity than the 
smaller grains, though this difference is statistical and there arc many individual 
exceptions. 

In bromoiodide enudsions the large grains also contain a higlior proportion of 
iodide; this may be a contributing factor in the greater sensitivity, but it is not 
the only factor since the grains in pure bromide emulsions show a similar increase in 
sensitivity with size.^ 

The sensitivity to light, or rather to developal)ility, is not uniform over the surface 
of the grain but is concentrat(Kl at one or more sensitivity aptudes. It has been estab¬ 
lished that these sensitivity specks are caused by minute tpiantitios of silver sulphide 
in the crystals. Th(isc^ iminiriti(js probably prodmie strains in th<^ (uysfal lattice and 
tend to concentrate; or ori(uit the products of light aedion from the adjacent portions 
of the crystal in order to form developable nucleii. 

Since the grains of diff(;rent sizes differ in semsitivity, tlie charac.l.eri8ti(\s of the 
emulsion depemd to a (;onHid(;rable extent on the way in which its grains arc distributed 
along the various sizans. d’he size relations of the grains art; best shown by size- 
fr(;(ju(;n(;y (;urv(;s in which the numb(‘r ol grains falling in <;a(;h (;lass sizt;, (;xpresHod as 
a fraction of tin; total numlx'r of grains, is plott(;d against t in; class sizt;. In general, 
emulsions (“onfaining vt'ry smadl grains an; slow, a.nd tlie st;nsitlvit.y ir\(;i‘eases as the 
av(;ragc grain size; is in(“r(;as<*d. Wh(;n tlu; majority ol tin; grains art; in oiu; size group, 
2 .C., wh(;n tin; siz(;-lre(iu(;m;y curvt; shows ft high maximum with only low wings, the 
emulsion tends to Ik; more contrasty; if tlu; sizes a.r<; mon; widely distributed, the 
maximum contrast temds to be lowc'r. "rhest* r(;la.tions are oidy gen(;ra.l and are inodi- 
fi(;d by otdi(;r lacl.oi's a.tl(;(;ting flu; grain scmsil.ivit.y, such as f.h<; (^xt(ml. of forumtion 
and f lu; distribution o( stuisif ivity sp<‘(;ks. ’^Tlu; siz(;-fr(‘(ni(‘ncy (;urv(;s for tlu; grains 
in two typical (;mulHions art; shovvii in h'ig. 3. Chirvt; H is for a, slow la.nt<;rii-slid(; 
emulsion that has compnrativtdy low Hp(a;<l and high contras!.; curvt; A is ft)r a portrait- 
film (‘nmlsit>n which has t“ompa.ral.ivt;Iy high H[)t;t;tl anti low ct)nlra,Hl.. 

1 lu; sizt; di.sl ribut ioii anti tlu' stuisitivif it's t>l tlii“ grauis art; tl(;l.t;rmiu(;tl l)y the 
contlitit)nM t)f prt'tupitatitm anti ripening t)f the tunulsit)!!. ddu; initial grain sizes are 
d(;f.t;rniint‘tl hy Hut;h ljict.t)rs as f.ht; c-ouctutl.^af.ituis t)i ( lit* Hilvt;r nitraft; a.iul pt)taHsium 
l)rt)mitlt' Ht»hil it)ns, tlu' t|ua.nf.ity t>f gtdaf.in prt'HtMil., a.iul I lu; ra.tt't>f mixing, ’^riu; final 
sizt' tlisl ribul it)ii is a.llt;ct,t;fl hy f lu; nature t>f f.hc tiriginal i)rt'fif)i( a,lt; nntl hy f.ht; t;tm- 
dif itms ol tligt'sl it)u. 1 ht* jirt'seiict* ol silver halitlt' solvtuits such as t^xet'ss ptitassium 
hrtuuitlc t>r, in I ht' cast* t>f alkaline digt'sl ion, t)f am iiuinia, st'cnis I t) favf)r I ht; prt>(hu;tit)n 
t)f largt'r grains I hrtuigh Osl wa ld ript'iiing, 1 )y fa.eili( a ting l.ht) Kt)lutit)u of ( he siiutllest 
grains. I he Ht'nsil.ivil.y spt't'ks t)l silvt'r sulphith; ai't' alst) ftu'm(;tl tiuriug (ht; tligt'stitin, 
aiitl t lu'ir prt)tluc( ion is t'ttnl.rt)llt'tl by f.ht; t;t>ntlitit)us oi (,lu; tligt;H(.it)n a.iul ( ht; na.turt; of 
(he gt'Iatin.'* 

Other lOmilsioN Cotuponottr. In commercial prai't ice, various suhsla,net's in 
atldil ion It) ( lie gt'lal in and sib’er halitlt' art' atltlt'd (t) cttnirol ( lit* prt)pt'r( it;H t)f tlu; 
t'mulKit)u. Sensif izers It) inert'ast' 1 lit' lighi st'usil ivily may he t'il lu'f “clu'init'al,” 

' Sii .ii).; jtwi'Ki N, Fi., 'I'hi' ( )i ii'ii I a I ion of CF ra it)a in a I I’liotoni a |)hii' I'hn >n , ./ . (>iitienl .1 ni., 

6, 171 (U)L>1). 

" SiiiflppA ni>, S. I'!., and I’. IF. 'F'lt.w Ki.ia, 'F’l)i' St'iisil ivit.y of Silvm- Flulidi' (friiiiiM in Flt'liil.ioii to 
Sizt'. ./. Frinihiiii IhM,, 203, K2U (11)27). 

='('lliniHt)Fi'’, K. W., “ Itiponinn: of F’liotoKi-upltit! I'liinilMioiiM,” p. 4()r>, IXl.li CUiiik. iiitoni. phot., 
l*uri.s (ID.'!.')). 
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such as the various classes of sulphur compounds which apparently act by favoring 
the growth of sensitivity specks and which cause a general increase in sensitivity, 
or “optical,” such as the dyes which extend the absorption bands of the dyed grains, 
thus extending the sensitivity to new regions of the spectrum. Antifogging agents of 
various chemical types are added to restrain the formation of spontaneously develop¬ 
able fog grains and to allow the digestion process to be carried as far as possible. 

The physical properties of the emulsion are modified by hardening agents that 
decrease the swelling and raise the melting point of the gelatin so that it can withstand 
higher temperatures in processing. Chrome alum was originally widely used, though 
more recently organic tanning agents have been introduced. Wetting agents which 
reduce the surface tension of the melted emulsion are added to facilitate the coating. 

Printing-paper emulsions contain other addition agents, or doctors, of various 
types to control such properties as image color, contrast, surface texture, etc. 



Grain Size (Area of Grains in Square Microns) 

Flu. y.—Size-frtMiucMwy cuirvos for the grains of two tyjjical enml.sions. C'urvo H is for slow 
lantern-slide emulsions, while (nirve A is for portrait-film emulsion. 


Physical Properties of the Emulsion. Thickness. —Negativi'! (‘inuLsions arc usually 
coated comparatively thick, 0.0012 to O.OOIG in. (0.03 to 0.04 mm.) when dry, in order 
to obtain a long cxposuri^ scale (good exposure latitude)-' Positives emulsions are nor¬ 
mally sonunvhat thinner, while (unulsions divsigned for ri^versal pnxu'ssing are: mueli 
thinner, so that in tlu‘ first exposnrii the high-light areas are exposed i)ra.etieally com¬ 
pletely, giving ehnin high lights in the positive. With images viewcul by refhud.cul liglit, 
su(!h as prints on papi'r, tln^ nuiximum <kmsity is limited by reflection.s frotri tlie sur¬ 
face, rathi^r than by tolal <a>neentnition of silver. Therefore paper emulsions may b(^ 
coated v(uy thin to givc^ (a)nv(miently rapid i)roeessing. 

Because of the luil.ure of the coating process, emulsions on continuous strips of 
STipport, such as paper or film base?, can be coated with (^xtHunely uniform f hickness, 
while with emulsions on plal.es there may b{^ sonu? variations in thi(?kn(?ss, »inh‘ss 
polishcid plat(? glass is us<m1. 

Melting /knaf. -I'hnulsions with pla.in unhanletual gtdalin visually nudl in pur<^ 
water at about 9.5“K.; however, most (unulsions have' at haisl, sonu' hanh'ning, .so that 
the average nu'Kiug point is mon? m^arly 105 to I U)“K., and some spe(?ial emulsions 
have much hight;r melting points. 'I'he sue.(?ession of prvicessing solutions, at various 
pH values and with various salt eoneentrations laiusv's a eyele (vf swelling and deswell¬ 
ing changes which may t(!st, the tenacity of the gvdadin to the utmost. ''I'herefore, 

^ Shiippard, S. K., **lit'liuvior of in the ProceaHinfi; of Motion Filature Film,” Trarnt. Soc. 

Motion Picture Enam., 11 , 707 ( 1927 ). 
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unless special precautions are taken, the safe processing temperature is at least 20°r. 
below the melting point in water. This would indicate that hardening might be 
desirable with all emulsions, but since the hardening reduces the swelling and thus the 
penetration of processing solutions, it may affect the developing characteristics 
unfavorably; consequently a high degree of hardening is given only where the con¬ 
ditions of use demand it, as with emulsions for use in tropical climates. 

The melting point alone, however, is not the only rnensure of permissible processing 
temperatures, since thickly coated emulsions are more susceptible to mechanical 
damage when swollen than arc thinly coated emulsions with similar melting points. 

Optical Properties .—Since the silver grains reflect a certain amount of the incident 
light, the emulsion forms a turbid medium, in which the light is scattered to a certain 
extent around the point at which it enters the emulsion. This causes a small spreading 
of the developable image around the edges of the optical image; this spreading is 
called "irradiation." The amount of spread is proportional to the exposure, in any 
particular emulsion, but for most work the effect on the definition is not of importance 
except for very great exposures. When the negative image is to undergo considerable 
enlargement in printing, as in miniature-camera negativ('s, overexposure should be 
avoided to prevent loss of definition from irradiation. Also when precise measure¬ 
ments are to be made on the developed image, this spreading must be taken into 
account. The spreading is occasionally of practical value, as in the measurement of 
brightness in astronomy. Since a star imago is practi(uilly a point, it is too small for a 
measurement of density. However, siiUHH the distance to which tlui irradiation is 
effective is proport ional to the hrightru^ss, tin? dianuitcr of the (kw(dop(Hi image gives 
a measun^ of tin; brighttu'ss of the star. ^ 

Effects of Processing .—As has been mentioned, ( he gdatin swells to diffeu-ent extents 
in the various processing solutions, but so long as a critieail teunperaturc^ is not exceeded, 
it shrinks on drying to substatitially its original form. ’'I'Ik^ pn^scuee^ of silver image 
does cause minute* changes, howc'vcr, se) that, for instainu', two aeljacemt i)<)int imagers 
te;nd to draw closeu toge'ther during the^ prexH'saing, and, in (^xtrc'inely i)rc(u,s<> measurev 
memts of i)ositie»n, this facte)r must hei consi(l(^rc(l. Also, since n(>a.r tlxi edge^s of a 
plate the si,rains are not e'vu'nly hahuna'd, a. sliglil, distortion may oeamr. For this 
r(!ason preaaso me^asunMnents an^ never atie'mpteel lu'ar t he edge's of a. phitea 

Supports.—The rnate'rial use'd as a tnea'hanienl HU[)|>ort for t he (Mnul.sie)n must first 
of all be i)hot()grai)hically ine'rt, i.c., it must ha ve' no (h'h'terious nctie)n on the einulsie)n 
l)efe)r(e e>xi)osur(^ e)ii t he' late'iit imago |)ro(luc(‘<l by the' e'xposurc', e)r on the final silveu 
image produea'd by el('v<'l<)f)m(>tit, and if should not. be a fleedt'd by the se)lul ions useal in 
pl•oce^asing t he ('X{)e)s('(l <'mulsie)n. d'lu' physical propert ie^s re'eiuireal vary (•e)nHielea’ably 
and are^ dedormimal by the^ use^ to wbich the: maforial will be [)ut. Of (hee variejus mate¬ 
rials whieli rniglit 1)C suitable', t lu^ only ones in coimnon use are' glass, (allule)sei e^steu 
films, and pap<T. 

(Hass. -Foritiatiy years glass was t b(' ebie'f, and is still an itnporta.nt, base for nega¬ 
tive emulsions and positive' transpare'iieae'S. It i.s f)rae*lie-ally e'e)mpledely ineu't aiiel 
transf)are'nt., anel it maintains its re>rin wit he)u( be'tieling anel wit lie)ut. any shrinking e)r 
swelling (hiring or aftor proce'ssing. Heiwe've'r, it has the* elisaelva.ntages of weight, 
bulk, fragility, and, for some a [iplicat ions, noufle'xiliility. 'riu're'fore it has been 
superseeU'd for most purposes by the' more eonvenie'ut, (•(‘llulosic lilms, ( hough it is still 
useel for those special apfilieait.ions whe'ie rigidity and absolute^ free'dom from swelling 
eir shrinking are inqiortant. Al.so, be'eau.se of t he* [lossibility of coa ting .single plates by 
hanel or small bat.elu's of plate's by machine, it is ge'tu'rally use'd for experimental 
ejmulsie)n8 wliich are useul e)nly in small eiuantides, such as ilu' various specially sensi¬ 
tized cmulaions used in spoclr()HCO|)y and asironoiny. 

‘ Robh. F. of tlio r)evoJo[>e(l Fh(>tographi<* Image*/' Vim NoHliniul (1924), 
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Glass for photographic use should be flat and free from any imperfections which 
affect the transparency, such as bubbles or striations, and it should preferably be prac¬ 
tically colorless. For most purposes, specially selected cast or drawn glass is suitable, 
though for certain special cases, such as very large size plates used in photomechanical 
reproduction, ground and polished plate glass is used. 

For the ordinary plate sizes, up to 8 by 10 in., glass approximately 0.05 to 0.00 in. 
thick is generally used. The larger sizes are usually coated on heavier glass, the thick¬ 
nesses used for one type of plate being shown in Table I. 


Table I.— Thickness of Glass Used in Plates for the Graphic Arts 


Plate Size 
8 X 10 

10 X 12 

11 X 14 

14 X 17 

16 X 20 to 24 X 31 

26 X 34 to 30 X 40 


ThickneBS, In. 


0,060 
0.075 
0.085 
0.085 

0.130 (H) 

0.190 (Kg) 


Occasionally plates are supplied on specially thin glass that has a certain amount of 
flexibility, hence permitting the use of the plates in instruments, such as certain types 
of spectrographs, where the focal plane is slightly curved. 

Since the emulsion will not stick to plain glass, plates are subbed with some mate¬ 
rial such as sodium silicate or hardened gelatin to which the film emuhsion can adlx're. 

Film .—Photographic film base is normally composed of a (lellulosii diTivative, 
usually cellulose nitrate or (adlulose acetate, mixed with certain materials, (allied plas¬ 
ticizers, which keep the film fhixible and transparent. Camphor is the usual plasticizer 
for nitrate film, while various high-boiling-point organic*, licpiids, such as cm-tain of the 
hydroxy-substituted amines or (‘(utain organic phthalates, are used with e(illul(.>ae 
acetate. 

Film is light in weight, hexihle, strong, and tran,spar(*nt. 

The flexibility allows it to be used in long strips that can be fed through t he (uimera 
or other apparatus, slowly or rapidly as desired, by inon* or h'ss simpki mecduinieal 
means. The light weight and mechanical toughm^ss also give; film an advantage^ ovi'r 
glass by simplifying tlu^ problems of storage, Inindling, and transiiortat ion, particularly 
when any considerables cjuantiti(\s are involved, h'ilm is not completc'ly iiu'rt but 
swells slightly in the processing solutions, and shrinks on drying, but t his is of impor¬ 
tance only wliei’o the most extreme pivcision in n^production of gc'ometrical form 
is recpiired, as in some astronomical work and in aerial mapping. Materials for t lu'se 
purposes are available on film bas(^ which has been specdally I rotati'd so t hat tdu^ dim(*n- 
sional cha.nges are pract ically zi*ro. 

Cellulose ac.(!ta,t(' liliu ha,s flu* a.dva.rita.g(‘ of low imflainmability, sincm it pres(*nts no 
greater hazard than an epual weight, of runvspapi*!*. In thc! past, its physical and 
mec.haru(!al properties weri^ not so desirable as thesis of nit rate film. In riM-ent, years 
these properti(\s have Ixh'H much improveal, and a,(^et.a.t(i film is finding incri'asing use, 
particularly where th(i fire hazard offered by nitraf.e film is of consispu'nciu 

The thickness of film ba.s(vvari(^s according to t he type* of film and tmimu*r in wliich 
it will be us(m1. Tims roll film must be sudiciently fk^xible to pass t hrough t h(5 (“anuira 
readily. Cut films, on the other hand, should be; suflicic'iit.ly stiff to nunain flat in th<' 
film holder and to handh* conveniimtly during and aft<n- proiH'ssing. Motion-i)i(vture 
film must be sufficiently flexible to pass through tin; (U’uniua. or {iroji'ctor, t hough the 
curves are not so sharp as in some roll-film canuTas, and t he film must, be: st rong (uiough 
to withstand the strain imposed by the pull-down me<dianisiu. Some n^fna'sentativo 
values are shown in Tabhi 11. 
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Table II.—Thickness op Film Base 


Roll film. 

Motion-picture film 
Cut film. 


Thickness, M/i. 
.... 86 
.... 140 
.... 200 


1 he emulsion will not acHuvrc directly to cellulose nitrate or acetate. Thereforey 
the surface of the film base must bo specially prepared to ensure adhesion of the emul¬ 
sion.^ This is usually done by coating with a thin layer of suhstratum or “sub” 
containing an adhesive, such as gelatin, a solvent for the adhesive, and a solvent for 
the film base. Since the sub contains both solvents and nonsolvents for the gelatin 
as well as for the cellulose esters, the relative proportions of the constituents must be 
chosen with care. 

Paper .—Paper is an ideal support for photographic prints since it is more or less 
flexible, opaque, economical, and durable. Th(^ requirements arc rather rigid, sin<;e 
the paper must not affecd, the keeping properties of the emulsion or the permanence 
of the developed image and must be unaffected by the immersion in alkaline developers 
and acid-fixing baths. Photographic paper is made from specially pure stock, with 
particular attention to fnicdorn from metallic impurities and any substances which 
might affect the emulsion or the silver image, either directly or through decomposition 
products. Originally rag sto(ik was much used, but with the increasingly severe chem¬ 
ical treatments given cloth fibers in dyeing, cleaning, and stripping the dyes, particu¬ 
larly the use of chlorine hhniches, the rag fibers ani often ratluu badly l)rok(!n down; 
hence high-grade sulphite |)idp has Ixh'u found to prodiu^e more stable papers. 

Papers tor positive emulsiojis are made in both single weight and double weight 
and are provicknl with a coating of liaryta in harderu'd gelatin to present a smooth 
surface for the ('tmdsion, and to increa.s<^ the rethuhing power of the paper. The 
texture of the print surtace is controlled largely by tlu^ composition and handling of 
this baryta coating. 

For sonu^ applications, wlu'rc v(‘ry rapid processing a.nd drying is important, the 
paper base is watcu-proofed by iittprcgnation with a laccpier of ca'llulose nitrate or 
cellulose acetate'. 


Requiretnndii Jar Pipenal (Ui.'fety. VVfiihi c.('rt.a.in proja^rtit's, such as inertiU'ss toward 
the enudsion or tlu^ [)rocc'ssing solut ions, are rtaiuired of all support materials, certain 
particular propt'rtit's may beconu' of great, iinportaiua! in matt'rials for specialized 
ustis. '’Iduis th(^ motion picture's rt'tpiirt' a. flcxiblt^ bast' with considcrablte mechanical 
toughness, exhibiting lit.the shrinUagt' during proct'ssing or on aging. Ordinary 
amat.tuir photography, nuiking usee almost, t^xclnsivt^ly of roll fihn a.nd film {lacks, 
is bastal on the uste ol a (It'xihlte film snpjiort., bed. fatd.oi’s sucli as l.ouglmt^SH and low 
shrinkagt^ arte ol Itess inqxertancte. (ku'tain vt'ry [)r(a‘ia(' (itdds on I hte other hand, suc.h 
as astronomy and pret'ision cart.ography, tarn l.olt'ratc no shrinkage or (Ust.ortion; 
lumt'.e tlu'y utili/ae only (‘tnulsions on glass. In aerial mapping, wlu'n^ low shrinkage 
is importatit, l ine 1 actors of wanght and fkexibility art' also of grt'al iini)ortan(te, so that 
spoc.ially {)r(q)ar('d low-shriidcagtr film is ustal. 

In most, ficltls of phol<)gra()hy, howt'ver, tlu'st' rt'fint'nit'ntH are of no signilicantaq 
and the choice' e)i sui){)e)rt. matt'rial ca.n bee inaek^ ten t hee basis of greaite^st c.e)nv(mien<a^ 
in use, which in mt)si. cast's mt'ans film. 

Prolective and Oiher Additional ('oating.H .—-In a.eklil.it)n te> t.ht' base^ or meedianical 
supi)t)rt, anel the sensitive! emulsieen, tnany ctanmercial imil.t'rialH have e)thter laytu's 
which im{)rt)vti the {iht)te)grn|)luc t)r mt'teha.nical pre>{)t'rtit's in vjiriteus wa.vs. 

Gelatin Hacking {Noncurliug ).—Hintee tht^ ge'latin cmulsittn swells on wed,ting and 
shrinks on drying, while the fihn hast' is substaiitiidly unalTt'cte'tl, strains aree {)rt>tluc('d 


^ FtTCHB, E., Prtilitninary Proflarat,ion eif Plit)(,oj)!ra|)iiiti T/tiyorH, Phot. Tnd., 34 , 552 (1935), 
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which tend to cause the material to curl. The early films, coated on a comparatively 
thin base, often curled into a tight roll no larger than a pencil. In order to prevent 
this curling, most films are now coated on the back with a layer of hardened gelatin, 
which has practically the same shrinkage as the emulsion and so balances the strains. 

Antihalation Backings .—When a beam of light enters the eituilsion, it is siarttercd 
to some extent by successive reflections from the surfaces of the silver bromide grains, 
causing irradiation, as has been described. At the V)rightor points in the image the 
emulsion cannot absorb all the light, and a considerable portion passes into the base. 
Of this light, the rays which strike the back of the support nearly normal to th(^ surface 
pass out into the air and do no harm, provided the plateholder or pressure plate has a 
nonreflecting surface. However, all rays striking the rear surface at less than a cer¬ 
tain critical angle undergo total internal reflection and pass back through the Imsii, 



Fro. 4.—Diagram illustrating how halation is produced in ordinary emulsions by surface 

rc?!fle(‘tionH. 

reaching the emulsion at some distance from the original image, ’'rims, around (‘vmy 
bright point of the imagi',, there i.s produciul a circle or halo of light, with a, diamedm- 
depending on the thickness of tin; base (hence it is smalhu- for film than for glass). 
This effect, called “halation," is illustrati'd in Fig. 4. Tlui halation cnii lie pnw'imtiul 
by placing some material between the tunulsion and the rear air surfaiu' which will 
absorb the troublesome light. Thus the base can be dyed a. light gray, ami, sinci' the: 
halation-producing light passes twi(“e through the cmulsiou at a c^onsidcra 1)1(> angl<‘, 
it is greatly reduced in inbmsity, whih' tlu^ printing light, which must pass only anvx', 
is only slightly affected. With films whi<di lia.ve a g<'la,tin l)ucking, hovvawu'r, it, is 
more customary to color thci backing wdl h a dye, or a pigunuit, wlii<di is (l('C()l<)riy.<'(l 
during treatment in one of tlu^ usual photograpliic, solutions, such as dcwcdopiu- or 
fixing bath. Since it is only necessary to absorb light to which the (unulsion is sensi¬ 
tive, orthochromatic materials are usually provided with a rtul backing whicdi absorbs 
l>lue and green, while panchromatic materials arc provicUul with a dark-grtHui backing 
which absorbs chiefly red and blue but also sonui green. 

Double Coating .—In order to increase the exposure latitude or the bright,rmss 
range which they can record, some films (anti plates) are coated with t wo thicknesstss 
of emulsion. The bottom emulsion is usually slower than the top emulsion, so t hat it 
is not affected until the exposure approaches the shoulder region for the top emulsion. 
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For this reason it greatly extends the straight-line portion of the characteristic curve 
for the combination. 

The slow bottom emulsion also reduces the effect of halation to a considerable 
extent, l>ecau.se it absorbs part of the light that would otherwise get through to the 
base and also, being less sensitive, it is affected much less by the light which is reflected 
from the rear surface of the base. 

Overcoating .—The grains of the emulsion can be made developable by mechanical 
action as well as liy light action, so that scratches and abrasions show up as dark 
streaks after development. In order to prevent the formation of such defects during 
handling, films are often provided with a thin top coating or overcoating of clear 
gelatin. Film-pack emulsions are practically always overcoated, as are some roll 
films. Since the overcoating hinders diffusion of the processing solutions to some 
(extent, an overcoated emulsion usually develops more slowly than a similar emulsion 
without the overcoat. This is why certain film packs require a longer time of develop¬ 
ment than t he corresponding emulsions on roll film. 

Paper (unulsions are often particularly semsit ivc to abrasion, so that they arc often 
given an ovtu-coat or “ antiabrasion ” layer. 

Stripping Film. — In (certain spcxnal processtis, particvdarly in the graphic arts, it is 
deHiral)le to remove the (unulsion from its original support and transfer it to a new 
support, eitluu so t hat it can l)e trittuned as desired and coml)ined with portions from 
other negatives or so that, it can lx* rcvers(‘d, right for left. lOmulsions for this purpose 
ar(^ gem'rally c‘oated on a thin skin of hardciuHl gc'lntin or (adhilose nitrate or acetate, 
to give them suflicuc'ut nu'clianical strength for handling after stripping. This skin is 
(•(uiu'uted to tlu' su[)[)orl by ati adliesivc^ whicli holds it in plac;e until stripping is 
(h^sinxl. 

Characteristics of Photographic Materials. —Tlx^ methods of mensurenumt ami 
the signifi<‘M ti<*(' of t lu* va rious rc'lal ions luff,ween exposure, devedopment, and density— 
i.v., the semsitoinet rie eharactnristies, such as emulsion hp<hu1, cord,rest., latitude, fog, 
et(r. an* disevisse'd in tlu* chniitnr on Phot.ogra.i)hic bensitonu'try, nnd some values an^ 
giv(‘U below in the* (lisem.ssiou of Hp<*eifie. mabu-inls. 

In addition to tlu* sp(‘(*d, contrast, rate* of (h'vedopmeti t, (*t(‘., t h(>r(^ are several 
other pro[)(!rl i('.s to lx* coiisieh'red in the .s(*l<ielion of nuilx'rin.ls for any particular 
pur[)<>se. Of tlu*se, t li<* spe'ctral se'usit ivity and tlu^ grainincss and lu^solving i)()wcr arc 
probabls' t he most im|X)rlant. 

Spectral Sciimlivitg. 'I'lie nonnal human (*y(* is se'iisit iv(^ to ra.<lia,t>t eiu'rgy over 
t he w a \’et('iigt h rm>g<' from ap[)r()xiInat(^ly 400 to 700 ium, or from violet to real, with 
t he maximum of semsit i\’ity to t he* ycllow-gn't'u, jit a.ronnd 57)0 (h'ig. 5). 

'riie .spee-tn>l se'iisilivity of the [)lu>l,ogrnphic <*mnlsion, h()vv(*v{n-, is (piitc different, 
be-ginning far in t lu* ult ravie)h*t nnel ove'rlapping tlu^ visual H(‘usitivit.y only in tlu* blue. 
'I'he* elilTe'i-ent sihu'r ludieh's vary slightly, hut. all arc^ pra.edie.ally ce)Tn])l(d.('ly instensitive’! 
to gr('e‘a, ye-llow, and re'd. fl'lu'reforc oreliuary (*nudsions are* said to be eolor blind, 
t»e*caus(' they re-prexluce eeelore'd e)l)jeelH in very <li!Ter<*nt lerightness re'lations t.ba.n are 
s(*e'n by the* eye*. 

'Phis luirainl semsit ivily of t he* silver halide* e*aa, heeweveu', lu* gre-atly e^xte'iuleul by 
t he' ase* eef cerlain se'iisitizing d\a's. At- first., e‘.e)a> rtu'rcia 1 (*malsie)as vveuee Hemsiti>5e*el 
e)tdv iaie) the* gre'cn. 'I'his ga\’e a. ve'ry ne)l ie-ead )le* impre)vemie‘nt in t.hc rcnelition e)i 
(•e)!eu-e>d oleje'eds but harelly justifie'el the* name* “ e)rt he)e-hre)ma.t ie* ” (Irue^ e‘,e)le)r) which was 
applie'ei to distinguish these* impre)ve*el emulsions from the ordinary e“ole)r-l)liiul nuite*- 
rials. Latem, whe'ii re*ally “true* (•e)le)r’’ e'lmdsions we*re^ proelueuxl, whie*h weue sensitives 
te) t he* re'd as we*ll a.s t he* Idue* atul gr(*em, t he*y \ve*res e*ii.Ue‘el “ paiu’hromal ies ” (all color). 
'Phe tirst |)ane*lue)matie“ emiulsie)ns had eudy le)w sesnsilivity te> t he* greu-n and red as esoin- 
pjire'd te) t h<« uermal l)Uu' Ke'tisit ivit y, but, as new anel hed tesr Hcnsiti/diig eiyes beseraine 
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available, the sensitizing was improved to the extent that the present supersensitive 
type of panchromatic emulsions have very high red and green sensitivity. 

The use of sensitizing dyes is not limited to the visible regions of the spectrum but 
has enabled the sensitivity to be pushed far into the infrared; hence now the photo¬ 
graphic emulsion is much more versatile than the eye, and it is possible to take pictures 
with the completely invisible radiations on either side of the visible spectrum. 

Types of Dyes .—In order to exert a sensitizing action, a dye must stain the silver 
halide; beyond this, however, the various sensitizers apparently have no common 
characteristics. Sensitizers are found in many chemical classes, but the majority of 
the most useful dyes seem to belong to either the cyanines, the xanthenes, the styryls, 
or the flavines.^ As would be expected, the dyes, or rather the dyed silver halide, 
must absorb the wavelengths to which sensitivity is conferred. It has been found 
that this holds quantitatively and that for any single dye the spectral sensitivity tuirve 



300 400 500 600 700 

Wavelength in ruju. 

Fig. 5. —Spectral characteristic of eye sensitivity (curve D) c()tni)itr(Ml with sensitivity 
of various types of photographic materials. Curve A is the charncteriaticr for n ly{)ical 
noncolor sensitive film, curve B that for typical orthocdiromatic material, aiul curve Cf hnt 
for a representative panchromatic emulsion. 


is practically exactly ih<^ sanu^ slmpc a.s the spectral absorpt ion curve of t lx* dy(>d 
grains. ^ 

The amount of dye lUHaled i.s very small, and in fact, if tlu' coiKumtralion is 
in(U'(uis(ai above a certain optimum vabui, tlu^ sensitivity dc'creasc's sharply. hi a 
few eases where measurements are availabbi, tliis optimum hcmuus to eorn'spond 
approximat(^ly to a monotnoleeular layer of dye on the surfa.<ai of tlu^ grains.-* 

Methods of l/se. —Conuiuucial emulsions are usually sensitizetl by adding th(' 
sensitizing dye directly to the emulsion before coaling. Coated {dates may also be 
sensitized by bathing in solutions of the dyes. The time of treat,tmmt, dyi- (mu- 
centration, etc., vary with the different dyes.^ 

Bathing plates in sensitizing solutions was formerly {iracticed ralhm- widdy by 
experimenters in color {)holography and by scientific workers aecMling inat.('rials 
sensitized to special rt'gions of the spectrum. ’’I'lic manipulation is rather diflieult, 

1 Staud, C. J., J. a. IjEJSRMAKJCits, iiiid li. JI. Oariioi.i., Optical SeiiHitizitip; of Photonraiilii*- l‘;uiul- 
sioris (ruificr preacated at fall 1937 inocting of Am. (Uiein. Soc.). 

Lbbrmakerb, j. a., Quantitative Rclatiousliipa Hetweon Light .Xh.Morpl ion and Sfimitr al SciiHitivit.v 
of Dye-aensitized Photographic EmulsiotiH, J. C'kem. Phyii., 6, 889 (1937). 

Lehrmakerh, ,1. A., B. H. CAimonr, and C. J. Staud, Photogriit)tiic PinulHionH, ('hem. l‘hi/n., 6, 
89.3 (1937). 

< PUNpoN, M. L., Color Sensitizing Photographic Plates by Bathing, Am. Phot., 20, ti7() (U)2ti). 
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however, and the degree of sensitizing is apt to vary, not only from plate to plate 
but even over the surface of one plate, therefore, with the wide variety of serisitizings 
now available in commercial emulsions and the possibility of obtaining any of a large 
number of other sensitizings on special order, ^ the need for sensitizing by bathing has 
practically disappeared. 

Measurement and Specification oj Spectral 
Sensitivity .—The spectral sensitivity of an emul¬ 
sion can be measured l)y the ordinary sensitomet- 
ric procedures by confining the exposing light to 
a single wavelength, as with a monochromator, or 
to limited regions of the spectrum, as with color 
filters. However, a quicker and more convenient 
method, which at the same time gives more 
readily comprehended pictorial presentatior\, is to 
expose the material in a spectrograph equipped 
with a neutral density wedge over the slit.® 

In either case, the results show the spectral 
response of the material to the particular light 
employed. In order to obtain the absolute spec¬ 
tral sensitivity, it is necessary to take into account 
the spectral distribution of energy in the exposing 
light. 

Spectrograms contain the more complete gen¬ 
eral information but rtuiuire considerable care in 
interpretation. In partic-ular, it is ne<-.essary to 
(consider the spectral quality of the light usefl in 
the exposure. Spectrograms are usually made to 
“day-light,” which is supposed to correspond to 
“mean noon sunlight,” vvhi<!b is defined as having 
a color temperature of 5400”K., or to “tungsten” 
at a color temperature of 23()0”K., which is com- 
parativ('ly poorer in blue and stronger in red thatt 
the “daylight.” In (fitlu'r cas(^, t.lui short wa.vc^- 
hiiigth, or blue, ('ml of th('. spc'ctrogrnirj is artifi¬ 
cially rcistrictc'd by absorption by Hu' glass in the 





8 



GREEN 


RED 


-400 


500 


600 


, .1 . i • Fuj. 0. npiuH ro^rHoiH, niudo 
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give^ inorc^ <iua.n( itjitivc!! informat ion l>ut. are^ also nuiedi more' diflic'ult ie) (*<)nstrue*t. 
From the' ('(|uaFeuu>rgy e*iirve% rc'spoiiHe' euirve's vni\ Ix' ohlaineul re)r any light, whose'; 
Hi)eH'tra.l (list rihut ion is known, rnc'ndy by mult iplying t lie' sc'nsif ivit y at. I'ach wa-vc'- 
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‘ Mk!EH, i\ K. K., PlH>t()KOir>fdc PlutCH for tfac* of SiMX't,roHcoi>y juul AhI roiiorri y, ./. Opticul^ioe, Ant., 
21, 754 (1931); 22, 204 (1932); 23. 229 (1933). 

3 JoNKiH, L. A., Fh(>tog:rat)fuc Senmitoraciry, J, Soc, Motion Picture 18, 324 (1932). 
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Even ordinary spectrograms; however, are very useful, particularly in comparing 
various emulsions, since they present graphically the differences in spectral sensitivity. 
This is particularly true with emulsions used for certain scientific purposes where the 
sensitivity over a limited wavelength range may be very important. 

Unfortunately, neither the spectrogram nor the equal-energy curve can be defined 
by a few numerical constants. For most practical applications, it is sufficient to know 
the integrated response over various spectral regions, and this can be expressed 
numerically. 

In most practical applications, as for instance in color photography, this selection 
of definite spectral regions is accomplished by the use of color filters which transmit 
only the region desired. Therefore, the ^‘filter factors,” or the ratios Ixdwetai the 
sensitivity to the unfiltered light and the sensitivity to the portions of that light passcxl 
by the filters, often give the most useful quantitative information. 

Obviously, the filter factor will depend on the quality of tlu^ light as well as the 
transmission of the filter and the color sensitivity of the emulsion. Thus tlu' factors 



Fig. 7.—Curves for several typical photographic materials illustrating failure of the 

reciprocity law. 

quoted by the manufacturer of an emulsion can be accurate' for light of only one' (luaiity. 
and it will be neccs.sary to make a eorreedion when light of any otlu'r quality is nse'd 

Reciprocity Failure .—In calculations of photographic: exposure's, valielity i.s 
irnplicity assumed for the reciproe'ity law of Bunsen and Kose'oee, whie-h state's that the' 
product of a photochcinieail reaction is proportional to the total eneu-gy involve'el, i.e., 
the product of intensity and time, and is indepcnelent of the^ aljsolute' value' of e'ithe'r 
factor .separately. It has long been known, however, that this rule doe's ne)t holel fe)r 
photographic emulsions anel that for each onuilsiem there is an ofitiinuin inle'usify lor 
which the exposure required to give a certain density is a miniimun. This is she>wn 
for several commercial plates in Fig. 7, where the curves show the exposure's reMpiire'iel 
to produce a density of 0.6 for a wide range’: of intemsitie^s. 

In most normal photographic practice this reciprocity law failure is ne)t e)f gre'at 
concern, since, as can he seen, most of the curves show very little slojje' over t he' ranges 
of exposure times ordinarily encountered. However, in any phe)te)medTie^ we)rk anel 
in cases where the exposures are vewy long, as in astronotnieal photography, e)r 
(ixtremely short, as in sound rccoreling, the rocipre)city failure must be take'ii into 
account. 

Closely related to the reciprocity failure is the intermittene'y effee't,' or failure’ of 
an exposure given in several installments to give the sanui density as a. e-ontinuous 

1 Webb, J. H., The Relationship between Reciprocity Law Fuilur^^ and tlie* Iiderinittcncy tilTect in 
Photopraphic Exposure, J. Optical Soc, Am., 23 , 157 (1933). 
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exposure of equal total energy and at the same intensity. This effect, likewise, is of 
no concern in normal photographic practice. 

The precautions which must be observed in photographic photometry to avoid 
errors from these and various other sources have been discussed by Harrisonand more 
recently by Jones.® 

Graininess. —The photographic image is composed of discrete particles of silver, 
and thus \mder sufficiently high magnification the apparently smooth image presents 
a granular or mottled appearance. Since even the largest grains are only a few microns 
in diameter, very high magnification would be necessary to make the individual grains 
visible. Nevertheless, with negative emulsions particularly, the inhomogeneous 
appearance becomes noticeable at low magnification, in some cases at less than 5X 
linear enlargement. This inhornogeneoxis appearance, termed graininess, seems to be 
due to a clumping or grouping of the individual grains into more or less dense clusters, 
with areas of lower density between them. This graininess is of no concern when the 
image is to be viewed or printed in its original size but becomes very important when 
the image is to be enlarged greatly. Thus it is important in miniature-camera work, 
in motion pi(‘.tures, and in certain scientific work, such as spectrography. 

Graininess is determined chiefly by the nature of the emulsion, but with any 
particular emulsion it is affected by such things as the composition of the developer, 
the degree of development, the density, the nature of the enlarging optics, the contrast 
oi the printing medium, and the sharpness and definition in the negative image. In 
general, grainirvess incr(Mises with gamma, increases with density, and is more notice¬ 
able if tlu^ nc'gative image is not sharp. Grainiiiess is also more apparent when there 
are any (amsidt'rabU* an^as of uniform density in the print. Thus, in any attempt to 
compare tlu' graininess of two emulsions, all these factors must be held constant. 

Sinc(^ tlie tlature of the emulsion is itself controlled by so many factors, it is impos¬ 
sible to mak(i d(‘linit(* statenumts whicdi liold without many exceptions. In general, 
how('V(«r, it can be said that graininess tends to iiuu'ease as the emvdsion speed increases. 
Thus, \vh('n t,h(^ inmg(^ is (o Ix^ <'nIarg(Hl to any ext('nt, it is usually urKlesirable to 
(MUploy a very high-spiHMl (Mnulsion unless the: conditions of exposure demand it. 
I k>n-cv(‘r, sinc(‘ this redation holds in oidy a g(meral maimer, the emulsion speed should 
n(!V('r b(' taken as mon* than a rough indi(^ati<)n of the tirobabh; graininess. 

'riui imdhod of nu'asuring grainiiuiss (U^pends on the use to which the emulsion 
will h(' put. Thus grainine.s.s of miniature ru^gatives should be judged from carefully 
prepari'd ('nliirgcimmts,'' while: grainin(\ss of mol ion-pitd iire film should bo judgcxl under 
actual proji'clion condit ions.^ l'\>r scientific work, such as spectroscopy, th(^ relative 
grainim'ss can be judg(>d from mi(u-()i)lK)|.om(d.er tracings of rc:gions uniformly blackened 
t.o a dmisity of O.d.® (’uI•v(^s of this typi^ for some typical commercial plat.es and for a 

group of special emulsions supplied for us(^ in spectrosiaipy are shown in Fig. 8. 

Mi'tliods of using itucrophotomel.iw tracings to cUvrivc (luantitativc values for 
graininess have also Ix'cn proposed.'* 

' Haukihon, O. hifsi ni TiUditH luul M<‘th()<lN UhcxI for Mt^nsurin^; Sp<M^tral Lip;hl IntennitioH, 

./. Opt ten I Sor. Arn., 19, 2(i7 (li)29). 

- rni:, VV. M,, (‘ditor, “ IVl<‘aHur<‘m«*iiit Iladiant INdt'ufMido rtiadr' f^Hixudiilly to 

(dmp. Vdll, M(‘jmur<’m(‘idN of Radinnt willi IMiotphiT MntcMinlH, by L. A. Joiu'h. 

'* ( dt A in UKi;, J. 1., niMl X'nruM, A N<*w ITltni (iniio 1 I m. 30, 188 (19;i(i). 

C'HAHi’Kidii:, .1. I., nn<l <H. Si ii wi ngkg, I )upMcnl ioii id' Motion Piidun* NoKuti vi'h, J. tSuc, Motion 
/*lrture 19, S91 (it)d2). 

MiditiH, 10, K,, *' Phot oRm pli ii* PlniCiS for Uhi* i:i SpiM*t i o.sropy and AhIi onoiuyI^aiat nuui Kodak 

<’<>, 

“Van Khmvfj.i), A., Ohjixdivt^ MoaHiit ornoidM of Oiai of Pliotographict MatorialH, ./, Opt. Soc, 

d MUT., 26, 170 (193(0. 

A., and W. <). Gooki), 'riu* OhjiMrtive (iuantitativi' I)otoriuinati<)u of the GrtiiidnortH of 
Piu>t(>f^ra|)hi<' KrnuiHion.s, ,/. *Sor Motion Picture Kngrs.y 29 , 510 (1937). 
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Resolving Power .—The ability of the emulsioa to reproduce fine detail is limited by 
the inhomogeneity of the image and the spreading of light around the edges of the 
optical image. The resolving power is conditioned by two factors, the turbidity and 
the contrast.^ 

The turbidity is dependent on the light-scattering power and the absorption of 
the emulsion. Thus coarse-grain emulsions which show greater scattering tend to 
have lower resolving power, while emulsions which have been dyed to increase the 
absorption (so that the exposure is confined to the surface crystals) show an increase 
in resolving power. In actual practice, the effective resolving power depends on a 
number of factors besides the emulsion properties, particularly the contrast of the 
optical image, the density of the image produced, and the spectral quality of the expos¬ 
ing radiation. 



Ficj. S. Microphot,oriiiUiU- t rHciIl^?s of roKiouH of uniformly bhuikenod areas of various 
photoKniphic filiuM, showing; relative grainincss. The Roman maniorals refer to the basic 
oniuLsibns suppli(>d with various types of color sensitizing for spoctrographic work. 


Rt^solving pow<'r is measured by photogra,piling a series of line gratings, tlie 
numerical vitlue being equal to the number of equal-width black and white lines per 
niillitnet('r that can be resolved. Since the resolving power depends on so nniny 
('xternal faid.ors in exposure and developriumt, the absolute value is of much le.ss 
importance than the relative values for different emulsions. The average resolving 
])owers lor a group of (nnulsions coviaing a considerable range of speed and (‘ontrast 
;u(' shown in 'Tji.ble III. ''Phese values were obtained with an optical image contrast 
of 20 and for the density showing maximum resolving power when development was 
(airried to give y == 0.8 

Negative Emulsions.—licu^ause of the extremely varied types of work which must 
be handled in the various fields of jihotography, ni'gative emulsions with widdy vary¬ 
ing ehara,et(U'ist,ies are maaled and have Ixuaime avaibilile. The ehic'f variations are 
in spoidral sensit ivity, sjas'd, conli-ast, grnininess, and resolving iiowiu-. 

Spectral Sensitivity .—As nientiomul previously, oi-dinary emulsions ar<‘ smisitivc 
only to blue and ultraviolet light, orthochroinatic emulsions are sensitiva* also to griam, 
and panchromatic emulsions are sensitive to all colors of the visible spectrum. 


Ibid. 





PHOTOGRAPHIC MATERIALS 


131 


Ordinary emulsions are used for photoengraving line and half-tone work, for 
eopying from various types of black-and-white originals, and, to a limited extent, for 
certain types of commercial work and some outdoor subjects. 

Orthochromatic materials are widely used for general photography, particularly 
for exposures by daylight. With materials having a high green sensitivity, the render¬ 
ing of colored objects is appreciably better than with ordinary materials, though reds 
are still rendered too dark and blues too light. Many workers, however, feel that 
this disadvantage is offset by the convenience of being able to handle the ortho¬ 
chromatic materials under red safe lights, which give considerable ilhimination in the 
tlarkroom. 


Tabuh III.— lliDsoiwmo Powhk to White Lioht oe Several Types op Emulsions 


Mattu'ial 

Kastman 50 Plates. 

Kastman 40 PI a ten... 

Kastman 3'^ Plates... 

Kastnian Proc'ess IMatoH. 

Kastman SpectroBOoinc Plates, Type I. . 
Kastman Speetroseopic* Plates, 'Pype II. . 
Kastman SpeetTosc'oviie Plates, Tyiie III. 
Kastman Si>ectroscu)pic Plates, Typo IV. 
Kastman 8peetr<)s<H)pie PlatOH, Typo 144 
Kastman St>ectr<:)sooi)ie Plates, Type V.. 


Ilesolvinfs 
Power 
, . 38 

. . 40 

. . (U) 

. . 80 
. . 45 

. . 50 

. . 70 

. . 85 

, . 80 
. . 100 


'rho (h'grco of orthochromalism, or the ratio of green to blue sensitivity varies 
consid(u-}ibly among the many matorials availabl(‘. Thus tlu^ filter factors for the 
various inat.i'riiils vary considm'ably, particularly with the heavier correction filters 
and the: eonlrasf. filtiTs. 

Paiudiroina t i(^ materials ar<' used in all t^asi's whiTo a ixMusonaldy true rendering 
of ( In* tone vahu's of colon^d ohjeids is desinal. ’'Plu'y an' also very useful for exposures 
l)y artificial light, which is rich in red atal poor in blue light. Under sindi conditions 
the n*(l s(‘nsitivdty givi's tlvi' parichroninti(i rnati'rials a nuudi higher elfoctive spiunl 
t han I'itla'r t lu^ orthochromatic. or ordina,ry I'niulsions. Neturally, panchromatii^ 
('inulsions an; ne(a's.sa.ry for natural (H)lor [iliotograiiliy, at h^ast for the red-filter 
iK'gat.ivi'. 

Panehroinatie mat.('rials diffi'r ('onsich'rahly among tlunnselves in t.lui n^lativo 
s('iisit i vit ies to t h<' I>lii<^, gr('('n, and n'd n'gions of t lu' Hp('et.rum. While t here arc a 
gr('at many variat ions, iianchroinatic s(msit i/iags (am Ix^ grouped for eonvoniencH' into 
tlu’('(^ tyjx's, for whieli typi(ail sp('ctrograms ar(' shown in Pig. 6. 

Type: A, or ordinary panehromat.ic:, which was tlie: only seinsiti/dng availabh' until 
a. fciw y('a.rs ago, luvs a. com para tivu'ly high .s(aisil.ivit,y t.o ihe^ blue, with imudi lovtX'r 
s('nsit iviti('s to gr('('a and n'd. It i.s u.s('.d in only a few rna.t('rials at [iresc'iit. 

'rvp(' H, or ort hopanchroinat ic, has a higli gi'('(m a.ml blue H(nisit.ivily and only 
slight ly l()w('r r('il seusitivity. It most, nearly matclu's the: color H('nsitivily of tin' (\v(', 
though blues arc: still rciidcn'd sliglilly too light. With daylight, this c.a.n Ix^ coni- 
pensat (xl by I Ix' us('of t lu* light-.vx'llow Wrat t.('n K2 lilt.('r, which holds back part, of tlni 
blu(' light . With artiti(‘ial light, t In^ n'ds and blues bot h ar(( r(m(l<(re(l slight,ly too 
light, and the (•()n('(‘l, rendering i,s obtaiiu'd in combination with the liglit.-gre('n 
Wra,t.1('n \1 filter. 

'Type or liy|K*rpa,n(diroinat ic, lias fairly high grci'n sensit ivity but evx'ii higlxu' 
n'd HC'nsit ivily. It is uk('(1 principally wlieii tin' higln'st possibU' spc('(l is (lesir(Hl, 
part.i(adarly witli artificial light. I'hmilsions with this sensitizing remhir both l)lue,s 
a,n(l r('ds sonu'what too light and gr<'(m and y(^llow-gr(;(m too dark. llow<'ver, a tnu; 
toiu' n'lnhn-ing can 1 x^ obtained by us<', with daylight, of tlic ligbt-gnx'n Wratten XI 
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filter, which holds back both blue and red slightly, and, with artificial light, by tlio 
darker Wratten X2 filter, which holds back more of the red. 

Average filter factors for these three types of panchromatic serisitizings and for 
several degrees of orthochromatic sensitizing are given in Table IV. For most pur¬ 
poses these are sufficiently accurate; it is only necessary to know to which group an> 
emulsion belongs. For very precise work, where very close matching of exposures 
is necessary, the exact filter factors for any particular material can b(; obtained from 
the manufacturer. However, since the filter factors depend on the spectral cpialit> 
of the light as well as on the emulsion, the values will hold only for light of the qualitj 
specified. For light of any other quality they will serve only as a rough guide. 

Table IV. —^Filter Factors for the Types op Emulsion Sensitivity Illustrated 

IN Fig. 6 


Filter 


Type of KinuLsion 




Ot'H 1 o I'xr 

O rth o chroma tic 


Panchromatic. 
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3 
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i^'pCCcl ClH(i ('O’tll f (li^t\ ll(‘ (‘lliulsion is JL IIU^USUIT^ of tlu': S(M1S11 I vi 1 of tlu'J 

emulsion and de(,(uinines th(‘ (^xposuK' n'ciuiretl to produce tlu> desired image, d'lie 
several methods of nnaisuriiig sp(M'd tliCh'r gnadly from om* anotluuq but, liowever 
determined, a practical spiHMl rating should indicatt' tlu^ rc'laf ivt' cxposur(^ i‘c<[uir(‘(l to 
produce a negative of good quality. For this, we do not need an absoluti' vnhu' hut 
only relative valutvs which will giv(i tlu' ratios hetw<‘cn the (‘xposurcs requirc'd hv 
different films. 

The relative speeds of the lUigative cmidsions vary ov('r a rang(‘ of <)V(u- 100 t,o 1 for 
daylight and even greater range for artificial light. Naturally, (unulsions at tlu; 
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extremes of this range are used only for special purposes, while the great majority of 
materials in general use is grouped within a range of about 3 to 1. with the upper side 
of this range roughly one-fourth the speed of the extreme ultrafast emulsions and the 
lower side about six times the speed of the slow-process emulsions. 

Except for a few extremely fine-grain special copying materials, the slowest nega¬ 
tive materials are the so-called “process” emulsions used chiefly in the graphic arts. 
They have high resolving power, low graininess, high rate of development, and high, 
contrast. Thus they are particxilarly suited for copying black-and-white and line 
originals and for half-tone work. The regular process materials have ordinary non¬ 
color sensitive emulsions, but panchromatized emulsions are also available with the 
general characteristics of the process materials, though with somewhat higher speed. 

The “commercial” emulsions have from about four to eight times the speed of the 
ordinary process emulsions. They have fairly fine grain and high resolving power, and 
the contrast can usually be varied over a considerable range by proper choice of 
developer and developing time. They are useful for copying and for general com¬ 
mercial work, particularly in the studio in cases where very short exposures are not of 
particular importance. They are available with ordinary, orthochromatic, or pan¬ 
chromatic emulsions, the speed increasing in that order. 

Above the so-called commercial emulsions there is a large group which makes up 
the majority of negative materials, including practically all the amateur roll films, 
as well as the films used for portrait work and for a large part of the general commer¬ 
cial work. T'he emulsions in this group are practically all either orthochromatic or 
panchromatic, and the sj)ee(ls range from about equal bo about three titnes that of the 
faster comnvercial emulsions. The contrast and development characteristics vary 
over a wide range, but in general the contrast is considerably lower than for the com¬ 
mercial emulsions. In general, the materials in this group offer the most practical 
<aunpromis(^ ludween the various desirable jjroperties, svudi as ease of handling, reason¬ 
ably high spec'd, considerable exposure latitude, graininess low enough for most uses, 
good k(U‘ping (jualitii's, etc,. 

In ad<li(ion to this large group of general-puri^ose; materials there are^ a few ultra- 
sp<M'd ('inulsions with spcaals rateging up to prn.<d.ic}dly four times the upper limit of the 
g(uuu'a.l group. 'Tlu'y an* intended for \ih(‘ only in (ms(\s where' extreunei sp(>eel is essen¬ 
tial, as in [)re*HH phe)tography whe'ie- expe)sur<^s are^ e)ftem maele eineler very difficult 
ea)nelil ions. The'y a,rei available with l)e)th c)rthe)chre)ma,tie‘. and panehromatie 
se.‘n siblings. 

FaclorH hijlurthcing (Uioicc of Nrgalivc PJtnuLnonn. —Fe>r thee gre>a.t nmjority of 
phote)graphie- we)rk {)ra.ctie-ally any of < he> fairly fast eanulsions, theise’^ falling in the 
“pe)rtrait” gre)up in t lu'^ e^lassifie'at ion abe)ve', will server quite satisfa.e-te)rily. For se>rtue 
spe'e-ial lype^sejf we)rk, Imweven-, eautain e)the‘r enudsiejns will be'! eledinilely Huporie)r. In 
sede'ed.ing an e'inulsie)n fe)r any partieadar puri)e)se* t he varie)iis pre)pertie!s sue-h as speaul, 
cole)r se'iisilivily, e!()n( raHt, e'!Xi)e)sure! lutituele!, grainine'iss, a,ml reasedving pe)wer shoulel be 
ce>nsiele're‘d, but (he* cheiie'e! should be! ele*te‘riuineel by those! eharae!te!risties whie!h are of 
re'al iinpe)r(a.ne‘e* in the* work at hand. 

d'lms, while* e*inulsion spe'e el is unele)id>(e!elly very important, it will often be more 
de*siral>le! (.o ceensiele*!* lie)vv shew a mate-rial e*an lee* UMe*el, nithe*r (ban te) see'k (lie fastest 
mnte!riul a vailable!, sine'e* (hiHalle)\vs mue!h gre‘ale*r le*e'vvay in sele!e*(ie)n of e)(her elesirable 
chara.c(.(*riHt,i('.s.' 

Sejnu'what (!e)une‘ete-ei witli spe'e-el is the! eiue!stie)u e)f ce)lor se'iisil.ivity. d'hus, feir 
('.xpeisure's with luiigsle'u light, panediromatie! e'eiulsienis are! ne!e!<'SHa.ry, e'xci'pt in e^ase^s 
wlu're* lemg e‘X|)e)sure's e!au be given. I’aiie'hreimutie* mate*ria.ls are! lie'eomiag iue!re}iH- 
ingly popular feir ge*iieral w'ork and are* neeee'ssary wlu're* varioxis e*eile>rs must be rende'renl 

‘ ClAHHiDY, K. 11., Ai<‘ FiiHt, FiliriH Worth lh(! I‘iu-<*?, firit. ./. /‘hot., 84 , 84 (1087). 
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in a reasonably true tonal relationship or where orange or red filters are used. They 
are particularly valuable in portrait photography since they avoid the exaggeration of 
skin defects given by blue-sensitive materials and thus minimize the need for 
retouching. In many cases, however, particularly for daylight exposures, ortho- 
chromatic or even ordinary materials will be quite satisfactory and may be desirablc. 
Thus some landscape workers prefer these to panchromatic emulsions because the 
greater reproduction of blue atmospheric haze increases the apparent separation of 
planes and enhances the ‘^aerial perspective.” 

The user often does not give much consideration to the contrast characteristics, 
probably because with many emulsions the contrast can be varied over a considerable 
range by proper control of exposure and development (Fig. 9) and because the range 
of contrasts obtainable in printing materials makes it possible to obtain acH;eptable 
prints from negatives of widely varying contrast. In some applications, however, the 

4.0 


3.0 


2.0 g 

Cl> 

Oil 

1.0 


1.0 2.0 3.0 4.0 5.0 6.0 

Log Exposure 

Fio. 9.—Graphs illuatrating the fundamental characteristicH of lu^fjcative materiulH. 
The large curve shows the YJ-logio E charaotoristic, sometimes reforrcal to as the II aiul I) 
curve. The smaller graj^h shows the manner in which fog and gamma increase with tinuj 
of development- 

contrast characteristics arc very important. This is particularly triu^ with the various 
processes of color photography, whore a low-contrast negativt^ which will not (‘xcc'ixl 
the exposure range of the printing process is usually needed. Also in copying lino 
originals the high contrast dcsiraltlc to offset the inescapable losscxs from such sourci's 
as lens flare can only be obtained with some of the special high-contrast imitcu-inls. 

Exposure latitude is to a considerable extent dependemt on c.ont fast. 'Phus v('ry 
high contrast materials can obviously have very little exposure latitudt^. l-'orl unatid v 
this is not serious as in practically all cases where very high contrast is iu'cmIcmI tlu' 
(ixposures are under precise control. For normal work, however, {particularly with 
daylight exposures, a certain amount of latitude is very dcsiraJile. F'orl unalely, most, 
of the modern double-coated emulsions luive even nH)r(> latitude than is oft.cm u.s(mI. 

Graininess and resolving power have liecome of consichuahh' inqportanci* since t he 
wide adoption of the miniatures (saTiiera. Obviously, with auy of the' sniall lu^gative's 
which require many times enlargement, the graininess is very inqiortant.. With tlic 
larger sizes of negatives, however, which will he used only for contact {printing or for a 
limited degree of enlargement, the grainincss ot most modern materiitls is so low' t hat it, 
can be disregarded, at least until all other desirable characteristics have Ipcen obtained. 
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Types of Negative Materials .—The various emulsions are supplied on plates, cut 
films, roll films, film packs, and the. special modifications of these such as motion- 
picture films. 

Plates and cut films, which are lojxded into holders or special magazines in the 
darkroom, are most widely used commercially and are the only forms available in the 
larger sizes. Since they are handled in holders, they are particularly suited for use 
with the professional types of cameras using ground-glass focusing. Also, since each 
negative is a separate entity, it can be exposed and developed individually, which is 
often very desirable. Because of the wide variety of applications, most of the various 
emulsion types are available in this form. Most of the special emulsions, such as the 
spectroscopic materials which are coated on special order, are supplied only on plates. 

Film packs have many of the desirable characteristics of cut films, such as use with 
ground-glass focusing and individual handling when necessary, but with the additional 
advantage that the films in the pack are protected from light, both before it is used and 
after the films have been exposed. Thus the film pack can be loaded into and removed 
from the holder or adapter in the light, and a darkroom is necessary only for develop¬ 
ment of the films. The films used in the packs must he flexible and so have a thinner 
base than cut fihns. The result is that the films are more difficult to hold flat; hence, 
while film packs serve excellently in the smaller sizes, up to about 4 by 6 in., they do 
not work particularly well in the large sizes. Only the more widely used emulsions are 
furnished in film packs. 

Roll films consist of a lor»g strip of film woxmd on a flanged wooden or metal spool 
with an opaque backing paper. This hacking paper is sufficiently longer than the 
film to provide a leader for threading through the canmra without exposing any film 
to the light. Because^ of their great convenience, roll films are nnost widely used by 
amateurs. Previously only onc^ or two emulsions were availahhi on roll films, hut now 
a wide s(‘l(‘ct.ion of medium and high-speed emulsions, with orthochrornatic or pan¬ 
chromatic H(msitizing, can he? obtained. 

A comi)arativeIy mnv development is the daylight-loading inagazitu; containing 
a sliort hmgtli of dfl-min. film, with standard mot.ion-pic'tnro negative perforation, for 
use in miniat ure eairu'ras. in this (uisc^ the film is wound on a spool inside a lighttight 
container, with th(^ (uul of t.h<^ film exhauling through a slit, liglit-loekod with black 
plusli. ''File ('nd of tlu^ film which is |.hr(‘ad<Hl into the camera in the light is, of course, 
fogged, l»ut after tlie <^a.mcra is clo.s(‘d, fresh film is drawn from the magazine. When 
the wh()l(^ strif) has luam exi)o.sed, it is wound back into the magazine and so can bo 
reitioved from th(^ catriera. in the light. 

Ac'fial films eaii be considered as a spcu'ial type' of roll film, supplied in greater 
widths and in ve'ry much gre'atf'r h'liglhs than ordinary roll film. Inste'iud of a full- 
b'ngl h bae'king pape'r, vvhicli woidd add nnm'cessary l)idk arut we'ight, t.lu'y ar<^ supplieul 
wit h opiupn' h'ader st rips eeniente'd to t lu' <'nds of t h<' film a.nd long ('uough t.o wrap 
s('V(‘ral times around the roll, thus prot.eeding it frotn light,. Be'cause; of the large 
n('ga,tiv(' size', t he film base' is thie'kew (han that fe)r roll film and is e)ften exspeedally pro- 
pare'el 1e) liave^ ve'ry low shrinkagei. 

Me>(ioti-piedure' film eH)nsisfs of le)ng na.rre)w strips, having pewf<)ra.tie)ns ale)ng e)nc 
e)r be)l h side'.s te) allow ace-urates [)osi1 ie»uing e)f sucese'ssive' snuill pe)rtie)nH e)f thes film in 
t he' e'.\pe)sure' a.i)esrlnr(' of t lu' canu'ra. f'or esoniine*re-ial use'rs the' film is usually fur- 
lushe'd wounel on siiriide' e*e)resK and re'e|uiresM a. (larkre)e)m for loading into the e'amera 
inngaziiHs. The' films supplied for ainaleiir uses, fmwe'vesr, ares we)e]nel on speseial reicls 
with Koliel flange's whieli allow elaylight le>aeling. The fifl-mrn. films are usually avnil- 
ables e)n eitlu'r nitrales e)r safety (acetsito) bases, while 16-mm. films can be furnisheel 
only e)n safety base. 
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Negative papers are occasionally mentioned as being more economical than film. 
The g ain of the paper, however, makes them unsuited for the regular photographic 
uses requiring contact printing or enlarging. Negative papers, or fast emulsions 
coated on paper base, are finding wide use in various types of recording instruments 
and for copying documents and drawings. A special waterproof paper base, coated 
with a thin emulsion suitable for reversal processing is used for the “direct positives ” 
produced by the while-you-wait automatic portrait machines. 

Standard Sizes .—In the course of the evolution of photography, cameras taking 
many and various sizes of films or plates have been introduced. While many of the 
odd sizes have become more or less obsolete, enough cameras remain in use to require 
the supplying of an unnecessarily large number of film and plate sizers. Thus one 
manufacturer lists 30 sizes of roll films, 13 sizes of film packs, 49 sizes of cut films, and 
37 sizes of plates. Even this does not show the total number of negative sizes, since 
there are a number of cameras using one of the regular roll films but making an odd 
size negative in order to get more pictures per spool. 

Fortunately, there seems to be a tendency for most new apparatus to use one of the 
more popular sizes listed in Table V. This is very desirable since the odd sizes are 
sometimes difficult to obtain, while the popular sizes are generally available and the 
rapid turnover insures reasonably fresh stock. 

In connection with these sizes, it should be noted that the nominal dimensions for 
cut films and plates are the upper limit of the actual dimensions and the lower limit for 
interior dimensions of the film and plateholders. With roll films and film piicks on 
the other hand, the listed sizes are the nominal sizes of the picture area and t he tudiial 
film size may be somewhat greater. 

In commercial photofinishing it is the usual practice to employ printing masks 
somewhat smaller than the act\ial negative image size in ord(w to allow a slight tolcir- 
ance in positioning the negative; on the printer. 

Table V.— More Popui.ar NEciAvivu Sizes 

Inclios 

1 X 1‘-i (24 X 3(> nun.) 

X 2)..i 

2'A X 

2(2 X 3(2 (<• •'> X 0 cm.) 

2 I 2 X 4K 

3K X 4(.i 

3''.i X (<) X 12 inn.) 

X 5(.i 

4 X 6 

5 X 7 

8 X 10 

10 X 12 

11 X 14 

Til the (‘.nwe of tnotion-pi<*t lire (ilitis i\\o })(MMTiissihle variations ar<^ inueli sinallcM' 
tlian with cut filnis or roll tiluis. The va.rious nH^asuroinenlH and tol(a’aiie(\s for the* 
sizes whicdi have been standardized in this country aix^ shown in V’l^. 10. 

Tlie 35-imn. film is standard for proh^ssiomil motion piedures. Mosl of (lu^ prints 
in this size are mado.on nit rat (v))a.sc‘ film, and in most l(>(*alitic*s Ihcux* arc' st rict safed y 
rejgulatioiis govoruing tlie showing of su(.di [prints. Prints on a(*(dat(' iilm arc* not 
affected by sxicdi restrictions. 

The 16-mni. film was originally introduced as an ainatcnir film, (Tiougli it is (tuning 
into more general use in educational, advertising, a,nd other scnniprofi'ssioiud tn'lds as 
well as in strictly amateur work. Films in this size are re((uir(Ml hy !a,w to Ix' on a<*<d ad(^ 
^'safety'’ base, which offers no more fire hazard than an ecpiivalcmt wi'ight of ru^ws™ 
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print. Most 16-mm. films are put through a reversal process to obtain a positive 
image on the same film that was exposed in the camera. However, there are films 
available for the regular negative-positive processing. Emulsions of various speeds 
and with both orthochromatic and panchromatic sensitizings are available, as well as 
several direct-color films. 

For sound recording on 16-mm. film, the perfoi-ations are omitted from one side, 
making this space available for the sound track without encroaching on the picture 
area. Thus the regular silent film can be run in sound projectors without any change 
in size or position of the projection aperture. Sound film cannot be used in silent 
projectors unless they are fitted with special sprockets and pulldown claws operating 
on only one side of the film. 


STANDARn 35-MM. FILM 


C0TTIWO A.WD PBUFORATINO DIMENSIONS 
OF NBOATIVB AND POSITIVB JfeAW STOCK 


These dimensions and tolerances apply to the material im- 
mediately after cutting and perforating. 




Inches 

Millimeters 

A 

1.378 + 0.000 
- 0 002 

35.00 + 0.00 
- 0 05 

B 

1.109 0.002 

38.17 **. 0 05 

C 

0, 134 0.002 

3 40 - 0 05 

D 

0.187 0 0005 

4.76 * 0 013 

B 

0 110 0 0<K)3 

2.79 «*■ 0 008 

F 

0.078 0 0003 

1 98 Q cm 

C 

Not > 0 001 

Not > 0 025 

R 

0 020 approx. 

0 51 approx. 

JL* 

18 70 0 015 

475.0 0.381 


• X — the length of any lOO coaaccuiivc perforatioa Lntervaia. 


STANDAIII> 1<5-MM. FILM 

CUTTING AND PKRPORATINa DIMENSIONS 
OF NBOATLVB AND P08ITIVK RAW STOCK 

These dimensions and tolerances apply to the material im¬ 
mediately after cutting and perforating. 




C&- 


B 

C 

D 

B 

F 

G 

R 

L* 


Jnchts 


0.630 

0.465 
0.072 
0 300 
0.072 
0 050 
Not 
0.010 
30 0 


H- 0 OOO 
- 0 ()02 
- 0 001 
•*> 0 002 
0 0005 
0 0002 
0 (KM)2 
> 0 OCK)5 
approx, 
0.03 


a 



c 

9- 

I 



T £ 

J 

n 

c 

j 


J 



Millimeter M 


16.00 + 0 00 
- 0.05 

12.32 * 0,025 
1,83 0.05 

7,62 * 0 013 
1,83 ^ 0.005 
1,27 0.005 

Not > 0,013 
0 25 approx. 
762 0 •*- 0.70 


the length of. any 100 consecutive perforation Intervals. 


Fi<i. 10. — I)irnoiiHionul atundurdH for d.'i-niiu. and 10-rnm. film as standurdizod in the United 

iStul-os of America. 


'I’ln' S-nuti. (ilin wa.s (l(u-iv('d from the lO-rnin. size in an att empt to lower the film 
cost to ania.tcnirs. Hinc(‘ th(^ picd.virt^ area is only one-fourt.h (hat of t lic lO-rniu. film, 
grainiiu's.s and n'solving I)OW<m' arc very iinport{int, and it Ls n('C('Hsary to ii.s<i specially 
pr(5I)!ir(Ml and v(u-y t hinly coa tc'd (‘itiulsionH. There ar(i two 8-inm. sy.stcvms in u.sc. In 
one (^ase, the film i.s originally Ki-nuu. wide, and it is run twica^ through the camera, 
(^xpo.sing otuvhair of th<\ width on each passage. Aft.e^r proec'Ksing, the film is slit tt) 
give 1,w() IcMigths of l,hc 8-mm. width, with perfora,t,i()n8 on only one sidci. In t.he 
other <^a.se, l,h(^ camera take.s tlu; film in tla; final H-min. width. The doubUvwidth 
film has less t(ui(l('ney to giv(^ tr<nil>l<i from strebdiiiig of the wet film during i)ro(HiHsing. 

IdentiJicAilum of Cut Films .—Since it is oft(m dillieult to identify the emulsion sur¬ 
face of cut films for proper loa.ding into the film holder, eut films are usually svipplic'd 
with ref(‘renee notelu's lunir one (nrner. When t he notcdies are on the right sich' of the 
top edge, the emulsion sidc^ of the film faecis the ojx'rator. In addition, th<^ muriber, 
shapes, and arrangeirumt of the notches arii used to identify (lie type of emulsions as 
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indicated in Fig. 11. Each manufacturer uses a different notching code, so the user 
must take care not to coirfuse them. 


SUPERSENSmVE PLENACHROME 

-^ 

PORTRAIT 

. .— srsr\ 

COMMERCIAL ORTHOCHROMATIC 
- 

SUPER PLENACHROME PRESS 
—- SrV'>AVl 


SUPERPAN PORTRAIT 

--lh 

SUPERSENSITIVE PANCHROMATIC 

—---i_n_ri 


iSOPAN 

--i_jiLjT_n 

COMMERCIAL PANCHROMATIC 

—--L_n.jT^_ri_j-| 


SUPERPAN PRESS 


COMMERCIAL 




PROCESS 


Cq) 

PORTRAIT- PAR SPEED 

- 

PORTRAIT-SUPER SPEED ORTHO 

---N^L_r| 

PORTRAIT-PAN 


PANATOMIC-X 


SUPER-XX 


ORTHO PRESS 


PORTRAIT-NITRATE 


X-F PANCHROMATIC-NITRATE 
(NON-HALATION ^ A< ^) 


■v^~wn_r| 




PORTRAIT--SAFETY 

-VW" 


PORTRA1T-H6S 

HIGHLY GREEN SENSITIVE 

(MADE IN SAFETY BASE ONLY) 


COMMERCIAL- ^ , 

(MADE IN SAFETY BASE ONLY) 
(NON-HALATION BACK) 


X-F PANCHROMATIC-SAFETY 

(NON-HALATION BACK) 
- 


PROCESS 


LXT-J 

Cmade“in safety BASE^ONI^Y) 
(NON-HALATION; NON-ABRASION) 


■V 


■yv 


•AT 


PENTAGON . 

(MADE IN SAFETY BASE ONLY) 
(NON-HALATION BACK) 

-s/- 

FINE GRAIN PANCHROMATIC, 
(MADE IN SAFETY BASE ONLY) 
(NON-HALATION BACK) 

-V-L-TA/- 


PANCHROMATIC PROCESS 
(MADE IN SAFETY BASE ONLY) 

( NON- HALATION; NON-ABRASION) 

-v—urw- 1 

X-F ORTHOCHROMATIC 
(MADE IN SAFETY BASE ONLY) 
(NON-HALATION BACK) 


X-F ORTHO PRESS 

(MADE IN SAFETY BASE ONLY) 

(NON-HALATION BACK) 


X-F PAN PRESS 
(MADE IN SAFETY BASE ONLY) 
(NON-HALATION BACK) 




(b) 


SUPER ORTHO PRESS 


COMMERCIAL PAN 



PROCESS 


PROCESS PAN 






KODACHROME PROFESSIONAL 
FILM-DAYLIGHT TYPE 


COMMERCIAL ORTHO 


KODACHROME PROFESSIONAL 
FILM-TYPE B 


(c) 


■wn__r~| 




Fic. 11.— Rofcronco iiof.ohos c.ut in(,<> cMit film for iMirptLscH of icUuit ifi<'u( ion. 
the emulsion side fanes the |)hotop:rai)her, thc! notclies arc* in tlx- corner. (ct) 

Agfa Anseo film. {b) DuPont film. (c) lOastman film. 


Positive Materials.— The i)OHitiv(5 CMiuilHion.s uhchI for photographic ))riii(,K did'er 
ooTisid(;rably among thornsolvcxs but, in gerH-ral, liavc* nmeh fiiu-r grain anci arc* much 
slower than the negalive (unulHionH and have; Honunvhat liiglu-r c-ontrast. Posilivc.s 
are made both on trau.spanmt supports for vimviiig by trnnHinittc^d liglif., (*itb(‘r dinnd ly 
or by projection, and on opacpie supiiorts for viewing by rofl(*cd.ion. d'lu* ditTc-rcmccLS in 
the optic.al eonditions in tlvese two cases so change; ttie apparemt propcn-f ic's ( hat it is 
necessary to consider them separately. 

Transparencies ^.—The principal positive materials whic;h arc; vic'wed by transmittc'd 
light are motion-picture positive films and laiilern-slidc! plate's, which arc; bcHli tior- 
mally used for projection of thc image on a semen. 
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Motion-picture positive j&lm is coated with a bromide emulsion which has approxi¬ 
mately the speed of the slower process negative emulsions. It is not color sensitized, 
as it is always exposed to a negative in monochrome, and it is desirable to be able td 
handle it under bright orange or green safe lights. The maximum gamma is rather 
high, and the behavior during development differs somewhat from that of most nega¬ 
tive emulsions in that, as the development time is increased, not only is the slope of the 
characteristic curve (gamma) increased but the curve is shitted to the left, as shown in 
Fig. 12. Thus the correct exposure depends very markedly on the degree of develop¬ 
ment to be given. 

The too portion of the curve is of more importance than in the case of negative 
materials, since it is desirable that the brightest high lights should have as low a density 
as possible, in order to allow a bright screen image. This introduces some distortion 
of toru! values since the high-light tones, falling on the toe of the curve, will have a 



t ni. 12. (hianicterisl ic <uirv'('H for a nK>t ioti-t)i<^t.uro positi ve emulsion. 

low(‘r coni rust ( haii (lu' middh^ (()n(‘.s and shndowH. d'hus the att.(unpt. is made to 
k(H'{) t he 1<)(‘ of tilt' hurvi' as short as possil)l(>. 

Th(' giainitu'Hs is inueh lowi'r and the resolving power much higher than for the 
ordinary m'gnt ivt' mati'rials. For this reason and because reasonably high contrast is 
readily obtaitu'd, posifivt' film is used to some exttmt in microcopying work. 

Posit,ivt' emulsions t)f extra-bigh contrast arc available for special work. 

Ijant('rn-sli<le plates of the ordinary type have tnnulsions somewhat similar to that 
of {Kisit ivti film, '^riu'y are availahh'i, however, in st'veral degrt't'sof contrast. As with 
t)ther imsitive inattu'ials tlu' inorti contrasty tumilsions are somewhat slower. The 
normal tone of t.lm dev('l()[)ed image is a neutral black, but slightly warm or cold tone 
images ea.n bti obtained by jiroper modificatitm of the developer. 

A spt'tual typt! of lantern-slide plates, eoated with a slower chlorobromide emulsion 
of very fine grain, allows a witle variation in image tone. Ily proper control of the 
development conditions, with corresponding variations in exposures, the image tone 
«an !)(' varied from a neutral bhurk through a warm brown to a sepia, and in some cases 
<'ven to a r(*d. 
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Paper Prints .—The great majority of photographic prints are made on paper and 
are viewed by reflected light. This has two important effects. First, a certain frac¬ 
tion of the incident light is reflected by the emulsion surface and the grains near the 
surface; this reflected light definitely limits the maximum black that can be obtained. 
Thus, with some matte-surface papers where the diflxise reflection is considerable, the 
maximuha black reflects as much as 6 per cent of the incident light, thus giving a total 
brightness range from high lights (represented by the clear paper base) to shadows of 
only 15 to 1 or a density range of 1.18. With certain glossy papers, on the other 
hand, where the diffuse reflection is low, the total density range may be as much as 
1.7 or more. This effect definitely limits the tone range that can be reproduced by 
any particular paper. Fortunately, the brightness range, at least of the impoi-tant 
parts, of normally lighted subjects is usually not greater than about 1 to 40 and so can 
be reproduced satisfactorily on paper. While the maximum density varit^s also with 
the particular type of emulsion, average values for the various surface finishes arc as 
follows: 

Glossy.. 1.6—1.7 

Semimatte. About, 1.4 

Matte. About 1 .2 

The manner in which the light is reflected depends upon the state of the siirface. 
With an optically smooth or “glossy” surface, the angle of reflection is equal to the 
angle of incidence, as with a mirror, and little or no light is scatteivd in otlicr directions. 
With an optically rough surface, on the other hand, the reflected light is seattenal in 
all directions. In the case of a photographic print, or any otluu- picture on papm-, it 
is the “diffuse” or scattered reflection which limits the maximum density, since: tlu' 
print can be turned so that the specular, or mirrorlike, reflection do<^H not niach th<^ 
eye. In measuring the diffuse reflection, in order to calculati' thi' (hmsity, tlu' pajier is 
usually illuminated at an angle of 45*^ arul vi(‘\veMl normal to tlu' surface'. 

The second effect is that, in the high lights and midflle tones, (h(' light passc's 
through the 'cnudsion to the base and tluui is refl(>cted back through th<' emulsion. 
Therefore each area of the silver deposit hM,s twdee th(^ density it would have for tra.ns- 
mitted light. Thus, since the maximum deusil.y is aln'ady limited by rc(I<H*tion, papt'r 
emulsions are coated very imudi thinner than emulsions of film or glass. 

For papers, three types of emulsions are used, differing in tlu' <*omposiiion and 
grain size., of the silver halide; bromide, for bhick tones; c-hloriih', for black (oiu's; and 
chlorobromide of very fine grain for warm tones on direct d('V<'loi)m(Ui 

Speed .—Paper emulsions c;over a wide range of s))(H'<Is, the ratio b('tw('('n (he 
slowest and fastest paper enndsions being considerably greater than the ratio b(*tw(‘<'n 
fast papers and the fastest negative materials, as is shown by the appro.Kimat<' value's 
in the table. 

Table VI.—Relative Sensitivti’y ok Vaukuis Photoukai'Hic Materiai.s 


Type of KinulHioii Rclativt: Seiunitivi(.y 

PoHitive etiiulsions (laiiteru aliete, etc.). 1,000 2 , ()()() 

tiromide papera. :i()0 1 ,()()() 

Cldorobromide papera, warm tomsa. 100- 200 

Special warm-tone lantern slides, aecor«linf 2 : to tone de.aired. 1 2.6 

Chloride papers. 1,6 


Bromide emulsions are comparatively fast, having speeds only slightly le,ss tluui 
the positive films, and so are suitable for printing by projection. Cfliloridi^ jiapcrs art' 
very slow and so are normally suitable only for contact printing. The ehlorobrornide 
papers cover a considerable range in speed, depending on the composition. Tlic slower 
ones, with speeds similar to the chloride papers, are suitable only for c.ontact i>rinting. 
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Others, with higher bromide content, may be usetl for either contact or projection 
printing while the fastest ones, arc suitable chiefly for projection. 

In general, for any particmlar type of paper emulsion, the more contrasty grades 
are slower than the softer grades. 

In connection with speed, the spectral sensitivity is important- The chloride 
cmtilsions and the very slow chlorobromido emulsions are sensitive to the violet and 
near \iltraviolet but have veiy little sensitivity above 450 ium- Thus they may be 
handled safely under a bright-yellow safe light with a cut between 500 and 550 ruAi- 
The faster chlorobromido enudsions have additional sensitivity in the blue, extending 


Fkj. 1.‘{. 


Ch loric/e 
papers 


Series 00 
safeligh+ fll+er 


Chloro- bromi*de 
papers 


Bromide 

papers 


Series O 
Sa'FeHgh+ fi'lher 


Series OA 
Sa'Pelight filter 



300 400 500 600 700 


rnyU 

Sp('ct rogniniH for various i)ai )cr oniulsionH, coni parent wit h tlic Bpcict rul I raiis- 
niisHiorm of suitable safe-light filters. 


up to alioul 500 uiul t he l)roini<l(' emulsions are sensitive st ill I'urt lu'r, iij) to aliout 
520 niyu. 'thus for safe luiiulling t Ih'sc* (unulsions reiiuire sah^ lights whicli pass no 
liglit at wavehuigtbs sbortc'r tluui about. 550 m.u (h'ig. Id). 

In all i-asi'S (la* inaxiinuni sensitivity is in llu* viohO juid lu'ar ultraviolet; conse- 
(pmnt.ly t be t uiigstcui light which is nearly always used for (iriuting is r(‘a.lly very 
ineflieient, as only a. very small pc'reentage of t lu' ra,dinted (uu'rgy is ('ITec;( iv(' in print¬ 
ing. Menuiry-vapor laniiis and other sourc^i's of ultraviolet. ra.(lia.(.i()n a.re much mons 
eflicient. so far as jihot.ograpliic act ion is concerned, but because of cost, inc.onvcnhuice, 
or insulliiucnt intensity, they are seldom used. 

The so-called “high ellic.iemy” tungsten lainjis arc^ sufliciently elTective, and, since 
they are (lonvimient to hatnlle a,n(l ar<‘ eoinjiarativcly inexpensive, t luy ani gcmwally 
used for jirinting. Howevt'r, it should lx* ri'mcmlx'red that tlu'. proportion of light 
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of the shorter wavelengths decreases rapidly as the voltage is lowered, so that fluctua¬ 
tions in line voltage may cause considerable changes in printing time, even though the 
visual brightness is not noticeably affected. 

Contrast, Effect of Development .—Owing to the thinness of coating and the fine 
grain, paper emulsions develop rapidly. During the very first period of development 
the contrast increases with time as in the case of negative emulsions. During this 
period, however, the shadow density is low and the characteristic curve is badly dis¬ 
torted. As the shadow density approaches the maximum black, the curve is straight¬ 
ened out somewhat and then begins to move to the left, with no change in slope or 
c'ontrast and with little or no further increase in shadow density. These effects vary 
slightly with the different types of emulsions, for instance, with some Imoinide and 
(dilorobromide papers, the contrast does increase slightly on continuing development 
after the maximum black is reached. 



Log Exposure, Log Ey 

Fi(}. 14.—Typi(!al /1-logio E curves for chloride pajKjr. The lettered curves n^presenf 
different times of development. These curves show that, developnieiit afTcu-ts the' hp(hh 1, 
hut does not affect the gamma appreciably. 

Idui (dfead of tiitic of dcvolopinent on the (diaractcristics of (■hloridti, (dilorobromidt', 
and bromidt^ typ(\s of papers is sliown, nwpcctivcly, in Figs. 14, 15, and Ui. Tinu' of 
devtdopment iiicrea.ses, for t,h(^ varions enrvos, in ali)hal)eti(uil ordtvr. 

In gtuieral, however, since it is ncca^ssary to develop suflicienily to r(^a(■;h tlu' maxi¬ 
mum l)la<d< in order to avoid iincvon d(w(dopment, nuiddy shadows, and distort'd 
tone renthuing, tlie contrast cannot be controlled in developnumt. On the otlu'r hand, 
since there is usually a period between the time whem the maximum bhu^k is rea.(died 
and when development fog appears, during whi(di the densiti(!S continue to increase' 
without changing (contrast, it is po.ssil)Io to correct for slight variations in (exposure' by 
adjustment in devolopmeiit. This exposur(i-develoi)nient latitude varies conside'rably 
between the different papeu's. 

It has been suggested that the contrast of a particular paper could be varie'd by 
changing the developer formula. While in isolated cases this might b(' poRsibl<% it ha.s 
been shown that the variations normally obtained are less than the differeru^es Ix'tween 
two adjaca'iit contrast graders of the papesr.' 

Paper Contratit .—As little or no control of contrast is possible during development, 
many of the papers are supplied in several degrees of contrast. In the cas(^ of negative 

1 Bknkbiot, H, C., Facta |ind Foibles in Photograi>hy, Camera Crafty 43 , (193(i), 
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emulsions the contrast can be expressed in terms of the slope of the characteristic 
curve or of the density difference obtained for a given range of exposure or range of 
object brightness. Because of the length of the straight-line portion of the curve, it is 



0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 3.0 

Log Exposu re, Log Ey 

Fi(i. 15. - D-Iofjcto E characteristics for a typical chlorobromido paper. 


not difficult (o obtain tln'orcdically correct tone reproduction in the negative. With 
pa|)(n-.s, on t hc^ otluo- hand, the si raight-line portion of tlie characteristic (nirve is com- 
parativ('ly .sliort, a iul, ('xc<!i)t wlaui spcunal effects are wanted, it i.s necessary to make us('i 
of t full d(Misity raiigt', which is dei(^rnuru‘d by the paper surface and typ(' of (nnul- 



Fio. O-loKii, E (Mirvivs for a typical bromide piiper for development, t.inics which increase 

in n,lpli!ibel.i<^al ordta". Tlie eharafd.t'ristics resemble those of ncKal.ivc emulsions. 


sion. Thins it is not po.ssihlc: to olitairi pi'rfeet rciproduetion over the whole range of 
tonics. Howi^ver, if Mu- extrimu' shadow’ toru's are ignonsl, t he lu^gative <‘X|)OHure (am 
be so eliosen that., with thi! [iroper conibination of inal(‘rials, the eurvature in th(3 
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negative just balances the curvature in the positive, giving practically perfect repro¬ 
duction over the greater part of the tone scale. ^ 

The range of negative tones which can be reproduced in the pjrint is determined 
by the paper-exposure scale, or the ratio between the exposure which will just produce 
a visible density and the least exposure which will produce the maximum black. 

Since negatives made by amateurs are made under widely varying conditions of 
lighting, and consequently of subject brightness, and since development conditions 
are not always carefully controlled, amateur negatives vary widely in density range. 
Therefore printing papers for amateur use are usually supplied in a number of grades 
of contrast, with exposure scales varying from about 1:5 for the extra-^contrast papers, 
to as much as 1:50 for the very soft papers. This range of contrasts is covered in five 
or six steps, so that it is possible to get acceptable prints from negatives having density 
ranges between 0.7 (opacity range of 5 to 1) and 1.7 (opacity range of 50 to 1) (J^ig. 17). 



Flo. 17.—Relative contrast of six types of printiiijr laipcr popuarly used in nniateur 
photography. The slope of the curve is a measure of contrast, whereas the diatam^o from 
unity to the projection on the abscissa is a measure of the relative exposure range obtainable. 


The professional photographer’s negatives arc usually made with controlh'd light¬ 
ing and controlled conditions of development, and so have a coinpnrativcly utiirorm 
density range. Therefore papers for professional use are often made in only one 
or two degrees of contrast, corresponding approximately to the “normal” grade of the 
amateur papers. 

Although all the paper-emulsion types can be made in a range of contrasts, the 
chloride or gaslight papers tend in general to have the shortest exposures s(ud(\s (most 
contrasty), and the bromide paper.s tend to have much longer exposure s(uihis. Thc^ 
chloroliromide papers ari;, in general, intermediate. 

Although paper contrast could be expressed by a muneric^al value, derivc'd possibly 
from tlie exposure scale, photographers in general do not have the means for nu'asuring 
the density ranges of their negatives in order to make use of such valiums, ’riierefoni 
the various contrast grades have b(!en designated by such descriptive terms as “soft,” 
“medium,” “normal,” “hard,” “vigorous,” etc. This works fairly satisfardorily, 
though there is the disadvantage that, since the terms are only generally deserijitive, 
different manufacturers may use one term for papers of eonsideral)ly difl’erent exposure 
scale. 


1 Jones, L. A., The Evolution of Negative Filin. Speeds in Terms of Print Quahty, J. Franklin 
Inst., 227, 297 (March 1939). 
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The exposure scales for the three contrast grades of a typical enlarging paper are: 
normal, 32; medium, 16; and contrast, 11. The scales for the various contrast grades 
of a typical amateur contact-printing paper run from 45 for the softest to 4.5 for the 
most contrasty. 

Image Tone (Color ).—The chloride emulsions and the bromide emulsions usually 
tend to give images of neutral or cold black tones on normal development, and many 
of them will give definitely blue-black tones with very active developers. Slightly 
warm tones can sometimes be obtained with restrained or slow-acting developers, 
but the possibilities for control are normally rather limited. 

The fine-grain chlorobromide emulsions tend to give warm-toned images on direct 
development, particularly with the slower types of papers. Even warmer tones, 
ranging to definite browns, can be obtained by the use of restrained developers. 

Also, the colors given by the various aftertreatments depend very markedly on 
the size and condition of the grains in the original silver image. The effectivoness of 
the treatments also depend on the condition of the silver grains. Thus the direct 
sepia-toning solutions, such as the hypo-alum toner, work comparatively rapidly and 
give pleasing results with the naturally warm-toned images on chlorobromide papers, 
but work only very slowly, if at all, with the coarse-grained cold-tone images on 
bromide paper. On the other hand, the bleach and redevelop type of sepia toner 
which works satisfactorily with cold-tone images tends to give unpleasant yellow 
tones with the naturally warm-tone images. 

In addition to the inherent color determined Ijy the size and condition of the grains 
of the silver grains, the apparent-image tone is markedly affected l)y the color of the 
base, which is usually white or very slightly tinted cream or bvjff but is occasionally 
supplied with a comparatively strong color. 

Sheen.—An has Ixurn mentioncal, paper surfaces vary in sheen, or the ratio between 
spec.ular and diffvise reflection, from the almost purely specular glossy surfaces to the 
almost purely diffuse matte. Although the degree of gloss probably could be expressed 
quantitatively, as l>y th(^ percentage of specvdar retUudion, this would be of little value 
to most users, and the descriptive terms such as glossy, luster, semimatto, matte, etc., 
are more generally understandal)l(^ and useful. 

While th(> ehoi<“e of sluam is la.rg(>ly a niatt('r of personal i)referenee, some types of 
prints defmitely call for siaadlic surfaces, 'bhus small (a)ntac:t prints are generally 
made on glossy pap(‘rs Ixnauisc^ of t.he! greahu- dcaisity rangt' and t he sharper rendering 
of fine (Udail. For th(' sainc^ re^asons the glossy surfa(a> is pred'erred, usually demanded, 
for pictures to b(^ rt'produced by a,ny of tlu' photonnudianical processes. For portrait 
and pictorial prints on tlu^ otlu'r haiul, (lui softer and less glaring surfaces, such as 
luster a,nd s<'tr>imatt(y are usvially preferrf'd. 'bhe matte surfaces ar<i easiest to work 
on with ixmcil or wat(u- or oil colors. 

Tlu; sIkh'u is cont rolled by ineor|)orating in tlu' emulsion various inert substances 
such as starch and by varying th(^ composition and method of application of the 
baryta laycu’. 

Texlure. -In addition to the alniost mieroseoi)i(‘ surfa,e(‘ irregularitic’s which con¬ 
trol t he: shtam, t lu' papc'rs may have; coarsen iru'gidarit i('s giving various dc'grees of 
roughtuiss to t h<^ surfaxan Smoot h surface's can Ix" ol>laiiH'd wit h any sheen from 
glossy t,o absoluto nuil.t(‘, l)id. tlu^ rough surface's eaonot giv(' a real gloss. 

In addition to the various tlegrees of rovighness, some sptx'ial-imrpost' or novelty 
papers have a definite surface pattern such as th<i lim'n finish. 

Smooth or finc'-grain surfaces are pref(‘ral)le for small prints, while the rougher 
surfac<^s may b<i valuable for large prints and (mlargements, t‘it her for supi)r(^Hsing an 
excess of fine d<d.ail or, with a liigh degree of enlargt'nuuit, for concealing lack of fine 
detail and suppressing the apparent grainitjess. 
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The various degrees of roughness are usually controlled by varying the composi¬ 
tion and coating conditions of the baryta layer; the pattern textures are produced on 
the baryta layer under pressure by embossed rollers. 

Weight or Thickness .—Most papers which will be used for small-size prints are 
supplied on either single- or double-weight stock, while papers for large prints, such 
as the professional papers and enlarging papers, particularly those with rough sur¬ 
faces, may be supplied only in double weight. Some papers, such as those for post¬ 
card prints, are supplied on a thin cardboard. 

Papers having the usual baryta coating cannot be folded without cracking. 
Therefore a few papers, such as those used for document copying and for advertising 
illustrations which will be folded for mailing, are supplied on a special thin base with¬ 
out the baryta layer. 

Special Emulsion Types.—In addition to the regular black-and-white negatives 
and printing emulsions already described, there are a number of more or h^ss special¬ 
ized emulsions which, because of special requirements in the mode of us(^ or in the 
method of preparation, differ in properties sufficiently to justify separate discussion. 

Printing-out Papers .—At present the vast majority of j)hoU)gra.phic- prints are 
made on developing-out papers, with which the latent image prodiuu'd by ('xposurc^ is 
converted to a visible silver image by the action of the developer solution. Printing- 
out papers (P O P), on which the visible image is produced by direct photocluMuical 
darkening, were formerly widely used b\it are now used only in special chh(>h, siudi as 
the preparation of portrait proofs, and are losing ground even here'. 

While the normal dcweloping-out emulsions are prepared wit h an exea'ss of soluble 
halide, printing-out emulsions contain an excess of solubles silver salt, usually the 
tart<rato or citrate, which acts as an acceptor for the luilogeu liberated by the photo¬ 
chemical action. 

The sensitivity is naturally very low; the papers can be liandh'd sah'ly in nrtificnal 
light or weak daylight, and for printing they recpiire a light rich in ult raviolet, such 
as that from a carbon-arc or a mercury-vapor lamp or strong daylight,. Mven so, the 
exposures are a matter of minutes. The contrast is fairly low, the exposure: scales 
being etpial to that of the soft(w grades of bromide papc'i-. 

After exposure, the image can be fixeal by removal of the nuchaiig('d silver salts 
with a solvent such as hypo. This leave's the image an unpleasant y('llow color, 
which can be corrected by toning the images l)y pn'cipitatioii of gohl, to giv(' i-c'd r)r 
reddish-x^urple tones, or prec'ipitation of iilatinum, to giv'-e blac^k t,oiu's. Mva'ii asich' 
from the unpleasant color, the untoned image is rather impernianent b('caus(^ tlu' v<'ry 
finely divided silver is rapidly attackcul by any sxdphur (soinpounds in the i)ap('r or in 
the atmosphere. Toning can be done after fixing but givers more dc'px'iidabh' and 
uniform results before fi.xing. Portrait proofs on P O P are seldotn (ixc'd or tniu'd. 

POP emulsions may be in either gelatin or eollodion. In Mnrop(^, print ing-onl, 
papers supplied for amatx'ur use sometinu's ha,v(^ tlu^ toning agents ineorpor.-ited in 
the emulsion (self-toning pai)ors), so that prints <'an Ixx lna,d(^ withont. a darkroom arnl 
(uin he processed rmu-ely by washing in water. 

Because of tlu; excess of soluble silv<u- salts, print,ing-oul-i)apei' ('inulsions 
ratlu'r unst,a,ble and ti'iid to darkx'n on a.ging if any moist,ur(' i,s pr('s<'nt,. 'This <‘an lx-: 
l>revent<'d by kxx'ping tln^ [)a,p<'r thoroughly desiccated. 

Reversal Emulsions. — In sonu^ ca,S('S it, is (h'sirabh^ or n('C'('ssary that, tin' (inal posi¬ 
tive image be producx'd in the sa,ine emulsion as was usx'd for tlx' original exposnie. 
At the (xmiplction of dc'velopnu'nt, tlu^ onmlsion eontains two images, the negative 
image of silver and a comphunentary positive images of t h<^ unaffected silvc'r halide 
which is normally removed by fixation. Tims, if tln^ silvc'r irna.gt^ is nuriovc'd by 
treatment in a bleach bath which docs not attack the silvcx' halide, t he n'sidunl silver 



PtiOTOQRAPHIC MATERIALS 


14^ 


halide can be blackened, by exposure and development or by chemical action, to give 
the desired positive. 

In ordinary emulsions, there is much more silver bromide than is used in a normal 
negative image, and the highlights of the residual positive will be dense and fogged. 
Therefore emxilsions intended for reversal processing are thinly coated so that the 
high lights of a normally exposed, negative image will use up prac.tically all the silver 
halide. 

There are always some very small insensitive grains which will not be affected by 
the first development, even in heavily exposed areas, and thus remain to fog the 
high lights of the positive. Therefore a silver halide solvent, such as ammonia or 
hypo, is often used in the developer or in a rinse V)ath after development, to dissolve 
out these small grains, thereby iricreasing the brilliance of the positive image. 

When all the residual silver halide is utilized in the positive, there is no latitude for 
the original exposure, and any small local variations in thickness, which in ordinary 
work would be of no importance, have a marked effect. While some compensation 
for variations in negative exposure can be made by regulating the action of the silver 
halide solvent, th<^ range of control is lirnitetl. A much greater degree of control can 
bo exercised l>y taking advantage of the difierential stvnsitivity of the residual silver 
halide grains and giving a controlled second exposure. Thus, where the negative 
(!xposure was heavy, there will be little silver halide left, and it is given a heavy 
exposure to render it all developable. On the other hand, where the original exposure 
was light, tliere will be a gnuit deal of silver halide left and a slight second exposure is 
givtm, so that only part is r(vndered developable and the final positive is not too 
den8(\ 

In this process, after nunoval of the negative image, the film is scanned by a photo- 
c'hHdric^ (udl which controls the iiitcmsity of the second exposure. Where tlu^ negative 
image was lu'avy, there is less r(«idual silver bromide, so that mor<^ radiation rcaclu^s 
I ho pliot.cxu'll, whi(.h in turn increases t he second exposure. With a tlun or uiider- 
('xposed n(‘gat ive iinagt', the rewerse occurs. Thus the density of the positive, image is 
comjxujsnl(*d as d(\M(U’ib('d al)ove, and positives of good quality are obtained with a 
wide rang(‘ of carncira ('xijosiires. 

Itevcrsial d/-b5er(am-plate color matcirials, svudi as tlu’; Lumi^rc^ Aiitoehronie 
plab^.s and Dufayeolor films must be pro(a‘ss(al by reversal .so that the positive imago 
will b(' in r(‘gist(U' wit h the 8(U’e(m-filt(u* elenutnts. d'hey usually processed with an 
ammonia first devdoper and a strong sc'cond developer which comidetely blackens 
(he rc'sidvial positive; imag(U dduua* is little or no latitiidi^ in (exposure. 

Substandard motion-pieturc' films, fuirtieulnrly for aanateur use: where only otu^ 
positive* is ordinarily lu'c'eled, an* proe(>s.s(‘d by reve'fsal in ord('r f.o obtain lietter defini¬ 
tion a.nd l()\v(‘r grainine.ss and to reducc'i th<^ cost. Since: ('xp(>sur(\s are ma.de under 
widely varying light conditions, some tyfXi of eornpeuisat-ing proee'ssiug is |)ra.cti(uilly 
a lua-essity. 'rix^ Kodak automatically controlh'd sc'cond (‘xi)osure was devised to 
<u)ttjp(u.sat.(^ for varying exposure's thre)ughe)ut a singles h'tigt.h e)r tilm. 

" Direa-t posit ived’ pape'r re>r automat ie: i)e)rt.rait. mae-hine's has a fairly fast fitxv 
gra.iu e)rt.he>e'hre»ma,tie' e'lnul.sioti thiidy e‘e>at('el oil a. wa,t.e'rpr(>e)te'el paiieir base*: anel i,s 
prexai.sse'el by re-ve-rsal in eirdeu te> re-elue-e' tlx- time' be't\ve'(‘M e'xpeisure anel eh'livery of the 
fini.slx'el print. Lighting and e‘Xf)e>sure'a.r('stanelai’eli/.e'el, anel the' wheile* re'sieliial pe)si- 
tiv(' is elarke'iie'el e'itlu'i' by full e'xpe>sui'<' anel re'eie‘ve'le)|)ni<‘nl. eir, ineire' ge'iie'rally, by 
e'emve'rsie)!! tei silve'r sulpliiele'. 

In aelelit iem tei t he' re'gula r le've'rsal proe'e'ss, t lu're* a re* eit heu' me't hoels ejl seeuiring t he 
e'fTe'e't, eif a imsilive' image' elire'e-tly. 'Tlx* sei-e'alleal “tintype” maele'use of a eeolleidiem 
e'mul.sieni e'oate'el on a. bhu'k support arxl ele'velope*eI te) give^ a whitish silver deposit, 
vvliie'h t lu'n apiioared as a positive against t he dark background. 
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Positive images can, also be produced directly by making use of the solarization 
region of the characteristic curve. With ordinary emulsions this would require 
excessively great exposures, but special materials, on both film and paper, are now 
available which are sufficiently sensitive to be usable with projection pointers and 
enlargers. The whole emulsion is made developable by treatment during manu¬ 
facture. Exposure to light reduces the developable density so that exposure to a 
negative image gives a negative, or to a positive, a positive. 

X-ray Films .—Because of the very low absorption of X-rays by the silver halide 
of the emulsion, only a small portion of the incident radiation is effective in producing 
a developable density. In order to increase the absorption and thus the photographic; 
effect, emulsions for use with X rays contain a high percentage of silver bromide and 
formerly were very thickly coated. Because of the difficulties encountered in devel¬ 
oping and fixing these thick emulsions, X-ray films are now given emulsion coatings of 
normal thickness on both sides. 

Even with emulsions very rich in silver bromide, when the more penetrating 
X rays are used, the direct action on the photographic emulsion is comparatively 
slight, and it is now customary to place the film betweeii intensifying screens coated 
with a substance such as calcium tungstate, which fluoresces under the action of 
X rays. Thus the greater part of the exposure is due to visible light from the intensi¬ 
fying screens. 

Since the radiographs are often needed in a hurry, particularly in emergency 
surgical cases, and since it is often not possible to keep the processing solutions down 
to the recommended temperature, X-ray emulsions are usually hardened to a greater 
degree than most negative films, in order to reduce the risk of trouble or damagti froni 
excessive swelling. 

Emulsions for Color Photography .—Because of the gnuit differeiua^s hctwcam the 
various systems of color photography, the characteristics required of the emulsions 
used also vary greatly. 

Additive Processes. —Tlu; onlj'^ additive processes of practicuil iinportamn; at the 
present are the integral screen-plate fn-cniesses such as the Autocdu’ome plattvs and the 
Agfacolor and Dufaycolor films, which a,re processed by r(;v(u-sal, and tlio Finlay 
process which uses separate taking atid viewing screens. 'Fhe re<iuiremcnt.s of the 
reversal processes have; been discussed. The Finlay process, which uses (compara¬ 
tively coarse mosaic screens, employs a regvdar fast panchromatic plat(‘ for the; n(;ga- 
tive, the only recpiirerncnt being that the (ulor stnisitivity l)e suffic-icmtly uniform to 
remain properly matched to the taking scr<;en and compensating filter. Th(> plate 
exposed behind the taking scream in an ordimuy (uunera is developenl to a negal.ive in 
the regular manner. Prints are made on positive plates, sirjfilar to lant(;rn-slid(; 
plates, which are then hound in register with tlie viewing scufum which has (In; satiu; 
pattern as the taking screen. Thus as many positives as d(vsired can be made; from 
one negative, also th(;re is a chance to cotdrol t he contrast and to ((ompensate for 
errors in exposure of the negative by controlling the (exposure and developtrumt of tlu; 
positive. This and other advantages chiiined over the rtwersal process(;s are some¬ 
what offset by tlie largcu' size; of t in; individual sen'en elenienis. 

Subtractive I^rocesses.- —The; materials us(‘d in (Ik; various subt,ra<‘tive processes 
call be (lividcal into negative, [xisilive, and rtW(M-sa.l. C’olor-s(‘para.lion negatives 
obtained by any of the taking systems cam in most ea,sc:s he usetl with any oiui of 
several printing systems, while tlu; reversal systcun gives the color photograph directly, 
as with the additive proco;sses. 

Negative Materials .—The simplest system, from the viewpoint of demands on the 
emulsion, is the production of the thr<;e color-separation negatives by sucHuissive 
exposures in an ordinary camera. Practically any iianchromatic emulsion could be 
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used, provided its contrast characteristics were suitable for the subject and the 
printing process to be used. As a matter of convenience, however, it may be desirable 
to choose a material which has, as nearly as possible, equal filter factors for the three 
tricolor filters. For most lighting conditions, this will mean a material with a type B 
or orthopanchrornatic sensitizing. 

Since the making of three successive exposures is ordinarily practical only for 
still-life subjects and since satisfactorily accurate one-shot cameras are very expensive, 
various bipack and tripack films have been developed, to allow one exposure in an 
ordinary camera. 

The trii)ack consists of three films i^laeod in contact and exposed simultaneously, 
to make the three separation negatives. The first two films are placed with their 
emulsion surfaces in contact, so that the front film, which is blue sensitive, is exposed 
through the base. This emulsion is yellow-dyed, or carries a yellow-filter layer on its 
surface, to prevent any blue light from reaching the two rear films. The second film 
is orthochrornatic and so makes the green-sensation record. It is on a thin support 
and is backed with a red-filter layer so that only red light reaches the rear panchro¬ 
matic emulsion. 

The two front enudsions must l)e as thin and transparent as possible, in order to 
avoid ex(*.essive absorption of light, which would increase the exposure required, and in 
order to reduce sfiattering of light whicdi makes the rear image \msharp. The ratios 
l)ctwoen the speeds of tlui threes (umdsions must bo correct to compensate for the 
absorption of light in ( he first and s<'coiid emulsions, so that the one exposure will give 
three well-matched fU'gatives. It is desirable, but not necessary, to have the develop¬ 
ment rates adjust ed so ( hat the three negatives can be developed together. 

Bec.aus<^ of (lu^ scatt.ering of light in th(^ first two emulsions, and the separation of 
the rear emulsion by th<‘ thickm^ss of the film base, the loss of definition is such that 
tripacfic negative's usually do not give satisfactory enlargcnrumts and so are more suit¬ 
able for use in the larger sizes of studio and view cam<u*a.a than in the smaller haiul 
caineras arid ai’cr moi-ii satisfactory for portraiture than for general commercial 
work. 

d'o r(‘(lue,e this loss in definition, while still avoiding many of the (lomplications of 
the double-mirror ca.m(>ras, various bipac.ks have been <levised. 1110 bipack is 
esst'ntiaily a. tripaek with the rear film removed and (‘xposed directly to a secamd 
ima,g(' suppli(‘(l by some typ<i of beam splitter, such as a semitransparent mirror, 
‘'riu' front ('inulsion of the bipack, which is exposed through t.lu^ Irase, makes the bluci 
iH'gat ive, while t lu* baidc emulsion may make either tlu' gn'C'u or red n(‘gativ(‘, deiieml- 
ing on the design of t he pack. In the Techni(X)lor and biastana,n bipacik systems, t.lu^ 
r('(l iH'gat ive is made on t he rear film of the bi[)ac,k, and the gna'ti negative is made on a 
.s(‘parale film.' 

PoHilivv yi/u/cria/.s-. - To obtain a, lailor print from the three aciparation lU'gatives, 
thn'e jxisit ive images, in dyes or [ligments of tlie reHi)ective coinphunentary or minus 
colors, are supc'iim{losed in ix'gist.er. 'rims a yellow positive, which absorbs blue, is 
made from t he blue-Iilt<‘r lu'gat.ivi', a magenta, which absorbs gream, from the: green- 
fil((':r iK'gat iv(‘, and a bhu'-giaa'ii (cya,n), which absorbs red, from the red-filter negative! 
(se(‘ (diaptcr on ('olor Photography). 'Plu'se can be made by any of s<iveral proi'csses. 
A number of t hese, sucdi as t h(^ bi(‘hromat('d gtda t in, or so-<ai.ll(‘d (uirbon process, the 
gum-bichromate prota^ss, and (bi'ir various modifications (partiinibuiy the widely 
used carbro process) do not direct ly involve tlu! use of sensitive silver haiitlc! emulsions, 
and .so t la-y need not be (h'scrilH'd here. However, the^re are several methods in 
whi<di silv('r imag('s are used to form dye or pignu'nt image's of the proper color. 

' HAr.r,, .J. .\., 'I'lic icolor Pr(><’(-HH of (U>lor ('iii(‘mnt<»Ki'n pl>y. -f • Soc. Motion Picture 

Enur.t.. 26, l‘^7 nS);}5). 
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Toning Processes for Color Photography. —One obvious method of converting' 
the black-and-white silver image into a color image is by toning, with either inorganic 
or dye tones. The emulsions carrying the three-color images are then sxiperimposed 
bodily on a white base. Thus the three positives are separated by the thickness of the 
emulsions and their supports. In order to reduce the total thickness to a minimum, 
the Chromatone process makes use of stripping films, in which the special printing 
emulsion is coated on a very thin cellulose film which is cemented to a heavier film 
base with an adhesive soluble in warm water. Thus the heavy bases furnish protec¬ 
tion during l;he development and toning processes and are discarded when the emul¬ 
sions are transferred to the final support. This particular process is understood to 
use special inorganic toning solutions, in which the silver images are converted into 
colored inorganic compounds, but dye tones, with the silver image converted into a 
compound which could mordant the dyes, might also be used. 

Pigmented Gelatin .—Rather than use the silver image as a base for the color image, 
it can be used to form a relief image in pigmented gelatin, similar to that obtained with 
the various “carbon” processes. In this case, pigment of the proper color is incor¬ 
porated in the emulsion during manufacture. The emulsion is exposed through the 
transparent base, and the absorption of light by the pigment holds the image near 
the bottom of the emulsion. Thus, when the gelatin is hardened in the vicinity of the 
silver image, either during development or by means of a special silver bleach, and the 
unhardened gelatin removed with warm water, there is left a relief image with thick¬ 
ness proportional to the density of the silver print. The three partial color positives 
thus obtained are then transferred to the final support. In the carbro process, the 
differential hardening is caused by the action of the bleach on a silver image in contact 
with the layer of pigmented gelatin. 

Imbibition Pvocesscs. If, instea<l of inakiiig (X)lored relief images which arcj 
cemented together, plain gelatin reliefs are made, they can be \ised as printing matri(!es 
by saturating them with dye solutions of tlie proper c.olors, and placing tlumi, one at a 
time, in close contact with a gelatin layer containing a mordant to which the dyes will 
transfer. 

Wash-off relief film has an nnhardened positive emulsion (a)ntaining a. yellow dy(^ 
to control the penetration of the printing light, ddie film is (exposed through the ba.se, 
and the silver image is developed to completion. It is th(m treated in an acid bichro¬ 
mate bleach which oxidizes the silver image and hanhns 1h<^ adjacent g(datin. Bath¬ 
ing in warm water removes the unhardeiuMl g(datin and (hwelops the relief image, or 
matrix. After fixing, washing, and drying, the matrix is batlu'd in the prop(>r dye 
solution. The three tlyed matrices can be superimposc'd in r<'gister for insp('(rtion of 
color balance and contra.st. Change.s in contrast can b(i elfectcal by controlling thc> 
acidity of the dye .solutions, and slight inaccuracies in color balance (ran be (ornreted 
by washing out part of the excess colors. When the color lialance is satisfacf.ory, tdx' 
matrices are sciueegeed succre.ssively into crlose contact with a gelatin-(roat('d pajx'r 
containing an aluminum mordant. Thus in tlur final print the threer dyxi image's are 
contained in a .single gelatin layer. Additional i)rints can be made merely by redyeing 
the matrices and transferring as luvfore. 

The Technicolor procerss users this type of imbibition printing, translerring tlu'. 
sxicccssiye dye images to a gelatin-c.oahrd final film. 

Catalytic Bleach .—Anotlurr nurtliod of utilizing the silverr imag<r dir('(M,ly in tlur 
formation of the dye image makers use of ther fact that certain reagents, which aloiur 
have no effect on the dye, destroy it, wdiercver therre is a silverr imager. Thus this is in 
effect a reversal process, giving a negative dye image from a nergative, and a positive 
dye image from a positive. However, because of the absorption of light by the dye, 
the sensitivity is so low that it is suitable only for printing. 
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The Kodachrome Reversal Process. —This process uses an integral tripack, or mono¬ 
pack, with the three emulsions for making the color-separation negatives and their 
corresponding partial-color positives coated on one support.^ Thus the difficulties of 
handling three separate films is avoided, and exposures can be made in any ordinary 
camera. The emulsion next the base is sensitised to red, the middle emulsion is sen¬ 
sitized to green, and the top emulsion is sensitive only to blue and carries a yellow dye 
to prevent blue light from reaching either of the lower layers. The different emulsions 
are separated l)y very thin layers of clear gelatin. Since the total residual positive 
method of reversal is used, the emulsions are very thin, and the total thickness of the 
three combined emulsions and two intermediate layers is no greater than the thickness 
of a,n ordinary negative emulsion. 

The three partial-color positives are produced during the development of the 
silver positives by interaction between “coupling” compounds and development 
reaction products to form dye densities proportional to the silver densities. The 
formation of thi'cc different dye images in their appropriate layers requires a rather 
comi)licat(Ml procavssing proccidurc which can be handled satisfactorily only by properly 
controlled processing stations. 

'The. three emulsion layers must not only bo coah^d extremely uniformly but must 
be very acvuratc'ly balanced for color sensitivity, speed, and contrast. This requires 
v(u\v rigid cont rol in manufacture. The nssult, however, is that the user has no worry 
otlu'r tlian giving a reasonably eorreet exposure. 
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PHOTOGRAPHIC SENSITOMETRY 

By BEVHUtLiY Dudley 

Introduction, Meaning of Photographic Sensiiornetry .—The term “photographic 
sensitometry” is frecpiently used in a restric^ted sense to specify the sensitivity of 
photographic materials to visible light or other radiations. A somewhat broader 
view will be taken here. We shall use the term photographic sensitometry to denote 
the quantitative determination of all the various c.haracteristic responses of the photo¬ 
graphic materials to radiant energy. By radiant energy we shall usually mean 
visible light. 

According to this definition, photographic sensitometry deals with those character¬ 
istic responses which are produced by: (1) the intensity and spectral distribution of 
the source of radiant energy acting upon the iihotosensitive materials, (2) the total 
duration of time and the manner in which the photographic materials are exposed to 
radiant energy, an<l (3) the processing (developing, fixing, washing, drying, etc.) to 
which the photographic materials are subjected. 

The characteristics of photographic, materials whicdi may be determined through 
sensitometry includ(U (1) the response to the intensity of tins source of energy to which 
the material is exposed, usually spcMnfied in some “speedor “sensitivity” rating; (2) 
the spcH'.tral sensitivity, or the rehitiv(; res[)ons<‘ to eiu;rgy at various wavelengths; 
(3) the ^csponst^ to (exposure of continuous duration; (4) the effect of intermittent 
(‘xposure, involving the manner in wlii(di photographic materials integrate the. energy 
to which they are expt>sed; (5) the reHi)ons(^ of th{^ photographic; material to varying 
c<)nditions of pro<;essing (t'spcu’ially devcilopnumt) for siicavithul cxijosurc;; and (6) the 
grainiiu'ss. According to our dedinition sucdi mal.tcu’s as the resolving power of the 
photogra.[)hic material and the; distortions of tin; images whicli ocicur also properly 
Ixdong to the province of photographic; semsitonudry. Movvcv(*r, th(;se mattevrs arc' 
not of Hufiicic'nt gc'iic'ral importanc;e a.nd intercest to Ixc treat.cid in this (;hnptc;r, although 
they may be; of considc'rablc; i)ra(;(icvil importance; in (;c;rtain brancdic;s of photography, 
su(;h as astronomic'al photography or vvhc'rc; image's must, be r(;proeluct;d ac.e;urate;ly 
to scale;. 

Photographic; H(;nsite)in<;try may lx; us(;el to d('te;rmine the; e;hn.rae;teristic;s of photo- 
gr!iri)hi(; mat.c'rials which re;[)rodue;(; (;olore;d images as we-ll as those materials whie;h, 
for want of a bc't tcr name;, niay be; te;rme‘d monochrome', and wliie;h pr()du(;c image;s in 
varying eh'iisities without any ai)])r('e;ia.t)h; spe'C'tral se'le;ctivity. The; se'nsitometry of 
mat ('rials for e;()lor photogra()hy is soine'what more' involve'd, e'hil >()rat (', and extensive; 
than that. re'(|uire'el for monoeelirome; ])b()tography, but (he; fun(tam(;ntal principle's 
involve'd are; ieh'ntieal in both casees. 

In ge'ne'ral, the; proceeelu rc' for t he; el(;t('rminat ion of se'usitome'trie; dat a is as follows: 
'Tc's!, st rips of the mate'rinl under (;xa.minat ion are; give;n [)r('e;ise;ly known, gradeed 
e'xposurees to a light soureee; of spe;('.ifu;d iidrinsie; luminous inte;nsit.y and sp(;e;tral dis¬ 
tribution. The;se; strips are eleve'tope;(l for sja'ceilie'd leenglhs of time; undeer known 
e'onelitions of te'mpe;rature;, in a devt'loper of known ('e)mi)osition and conceentration. 
'Phe; d('V('lope;r use;d deepends upon the pur{)os(; for whi(;h the sensitometric. measure;- 
rnents are; made, l)ut it is usually one which produe'cs an unstained neutral-gray 
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deposit of silver. The test strips are then dried, after which the densities of the 
silver deposits for each exposure step on the same strip arc measured. 1 h<5 values of 
density and the corresponding values of the logarithm of exposure fU'e plot.ted for ea<di 
strip. Similar plots are made for other strips having different, ttinc^s of devedopment, 
so that a family of curves D = logio E is obtained. 1 his family of (uirv'es givers most of 
the essential information relating to the characteristics ol photoscnisitive mati^rials. 

The determination of the sensitometric characteristics ol phott)graphic materials 
requires a knowledge and control of (but preferably standai’dization of) the following 
conditions and apparatus: 

1. A light source emitting radiations of known spectral distrihxition and known 
intensity. 

2. A means for producing a series of graded exposures of known magnitudes. 

3. Standardized conditions of processing (especially with regard to developnuuit) 
the material under test. 

4. A method of determining quantitatively the density, graininess, and other 
characteristics of the material after exposure and processing. 

5. A method of properly interpreting quantitatively tlie rcisults of acmsitornetric 
measurements. 

From standardization of 1 and 2 it is possible to deterttiiiu> the magnitude and 
character of the stimulus (exposure) applied to the photographic material. Skq) 4 
enables us to determine the characteristic responses of the photographic maf cirial to 
the various stimuli provided by steps 1 and 2. Step 5 not ordy (mahles us to corr(^lato 
properly the stimuli and its response, but enables us to tixpress the (oiusal ladations in 
such manner as to permit of optimum use of photographic, materials, filtm-s, light 
sources, and other accessories. An understanding of photographix^ sensitometry is 
also useful in recognizing and correcting faults of over- or undert^ximsurc, imaxrrexit 
rendition of tone, incorrect rendition of colored objects in monochromatic^ or color 
photography, etc. 

Application of Sensitometry .—Originally photograixhic. sensitonu'try was use<l 
almost exclusively by manufacturers of film matc^rial for the d(d.(u*mination of film 
characteristics and by a few scientific workers using photography. Tlu' firs), impetus 
toward extensive general uses of photographic sensitometry cairns from (lu^ mol ion- 
pieture field with the introduction of soxincl pictures. While s(ni.sitom<'tri<c medhods 
and processes are not yet employed by the average idiotograijlun- or serious anuitcuir 
(nor are they likely to bo used except in the sixnixlest fundajrumtal steeps), a knowl(‘dge 
and understanding of sensitometric methods xnay not only bo advisjibh'i in aiding the 
proper exposure and processing for portraits, pictorial, and otlum subjecds but may l><> 
essential—or very nearly so—for rnotion-piedun; work, (nudjiin kinds of .sciiml.ifio 
photography, and color, aerial, and other branch<;s of photogra.i)hy wherxi exacd.ing 
requirements must be met. 

Light Sources for Photographic Sensitometry.—'The first step in photographic^ 
sensitometry involves giving the photosensitive material a scn-ic^s of standard (or at 
least precisely known) exposures. The exposure of the material undew accurately 
known conditions is accomplishcHl by means of a scmsitorm't.c'r whitdi consists, fum-- 
tionally, of (1) a standard source of light or other radiation a.n(l (2) .sonn^ form of 
^^pusing device, such as a.n acamrato shnt.lcu', whicdi d(;t.<n'min('s t.ht^ cpiant.it.y <)f light, 
w'hich is permitted to act on the photosensitive inat.erial. 

We shall first give some consideration to tin; light sourexis a.nd tln^ exposure <Uwiee.s 
suitable for sensitometry. In a later secdJon eonsidcu’at.icxn will be given (.o sen.sitom- 
eters in which the light source and exposure device are eomhined. 

Practical Light Sources .—The most important of a wide vari(d.y of light .sourex'.s 
which have been used for photographic sensitometry inedude, in approximately 
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chronological order: (1) sunlight, (2) the British Parliarnentary candle, specification’s 
for which were given as early as 1860 j (3) a phosphorescent plate in which the radia¬ 
tion was provided by a layer of calcium sulphide activated by burning magnesiumi 
ribbon, (4) the Harcourt pentane lamp which burns a mixture of pentane vapor and 
air j (5) the Hefner lamp which burns pure amyl acetate (and which is still sometimes 
used as a standard light source); (6) acetylene flames of various types with completely 
specified burners; and (7) incaiulescent electric lamps. Unfortunately none of these 
standards is ideally suited to photographic sensitoinetry, principally because of lack 
of precision and reproducibility, but also in some cases because of unsuitable spectral 
diHtril)ution of energy. 

Tlie characteristics necessary in a light source for photographic sensitometry are; 

1. Accurately known (preferably standardized) and appropriate spectral-energy 
distribution. 

2. Adequate intensity of oiitput so that exposures need not be too long. 

3. Stability of chara<‘teristics throughout the useful life of the light source. 

4. Reproducibility of characteristics between successive uses of the light source. 

5. Clonvenicncc in use. 

These requirements arc fulfilled in the most desirable manner, for purposes of 
photographic sensitometry, by incandescent lamps which have been carefully stand¬ 
ardized and which are operated under carefully controlled conditions. 

Modru-n practical sourccis of light for photographic sensitometry may be made 
from: 

1. (Vliiulrieal accityhme flame devised by Fery and Sheppard and Mees, fitted 
with suitahUi filter (Wratten No. 70). 

2. a’ungstcn lamps operating at a cplor <,('.mperaturo of 2360°K. fitted with a Davis 
and Gibson liciuid filti'r. 

This labor tyjx^ of light source was standardized as a satisfactory light source for 
photographic purposes at the seventh International Congress of Photography which 
met in I/ondon in 1 928. 

Bol li the sp(‘ctrjil-('iu‘rgy di.stribution of (,ho radiation emitted from the luminous 
H(>urc<^ as w(dl a.s the inlxuisity or magnitude of tlu^se radiations affect the density of 
fire expo.s(‘(l Jind dc'veloped ph()l(>gni.i)hic tnnt<!rial. Gonsfuiuently these two eharae- 
tcristicH of I lie lunuriou.s .sources must be ac(niratcly known if precise sensitornetric 
results an^ lo be; obtaitu'd. 

Thc! spoclnil composition of a. luminous source specifies the relative amounts of 
tMH'rgy (“iidlhMl at various vvavt'lcuigtlis. Usually this relation is represented by 
iiM-ans of a speuit.ral-<uu‘rgy curve in wlii(di tin; Uihstussas are wavelength and the 
ordinnics an* ndaf ive (Muugy. Idgure 1 shows spcadral-tuiergy curves for one type of 
1 umincus H<)urc('. 

lijfrct of iSprctral DintrihuHon of lAffkl Aiourco. — It is important that the speetral- 
(UK'rgy distribution or color <M)mi)oHition of the rndiaLions omitted by any source 
wfiicli is to b(“ us(m1 as a, st.andnrd of intensity in [)hotographi<5 sensitometry shall be 
known ntid ap[)ropriate hocanst' {)hotographic. nnitorials do not have the same speetral 
H(*nsil iv'ily as docs ( he human (‘y<‘, which is used in th(^ suhjcx-tive evaluation of the 
c,hnra,c(<'risticK of any light source. I'hirthcnnorc, witli ixvspect to their spectral 
K('nsitivi(i('H, photographic inalt'rials differ <;normonsly among f.hennselves. Photo- 
grHi)hi(i malerial.s an* more' sellsiUv<^ at the blm^ and ultraviolet end of the visible 
Hpectrutn t han ('l.s('wh(U‘(\ ('on.se(|m“ntly a, (hmser silv(n' d<‘.posit will result if the 

luininouH source of given absolute inl.ensity has most of its energy in thfGilue end of 
tlK^ s|)('ctruui ratlu'f than in some* oflun' rcigion. In fact, the use of certain types of 
safe lights for i)ho<.<)gr}if)hic darkrooms <lep<ui(ls upon so (dioosing the light source with 
r(«p<‘ct to the film charaet<'riKf ics (hat ( he-visible light occurs at that portion of the 
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ioeotrum for which the film is relatively insensitive. A 15-watt rod lamp used as a 
light for noncolor-sensitive emulsions niay produce no appreciable exiKnmro 
or fog whereas a 15-watt blue lamp might badly caposo the film under the same 

conditions. 



Fig. 1.—Curves of energy output plotted against wavelength for tungHten Innipa opt'ralinK 

at three dilTercnt temperatures. 


The sensitivity of the human eye to equally intense radiatioiiH of dilTenml wave¬ 
lengths is termed the visibility curve. The visibility curve for tlu' avi'rnge huninn c.Vf 
is given in Fig. 2. The net over-all response of the human eye to a ligld sounu' con- 



Fig. 2.—Spectral sensitivity of the normal human eye. 


taining energy at many wavelengths depends upon the visibility curve of the human 
eye, as well as spectral-energy distribution of the light source, and is tvrnu'd the 
luminosity. If a light of given intensity is yellow, the linninosity will lx* high, ns 
the human eye is most sensitive to yellow; if the same amourdi of energy is used in a 
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deep red or a blue light, the luminosity is small, as the eye is relatively insensitive to 
these eolors. If the energy is concentrated in the infrared or the ultraviolet portions 
of the spectrum, the luminosity is zero, for the ejm is not sensitive to these radiations. 

An exactly analogous situation exists with regard to photographic materials. 
Cvorrosponding to the visibility curve of the human eye, the sensitivity of a photo¬ 
graphic material to radiation of a given wavelength is knowm as its photobility. The 
net or over-all response of a photographic material exi)osed to heterochroniatic light 
is the product of the spectral-cuiergy distribution of the light source and the photo¬ 
bility; it is termed the '‘photicity ” of the material. Photicity of photographic mate-, 
rials is analogous to the luminosity of the human eye (see Chap. X, Light Filters). 

Although by no means a rigorous treatrtient of the sul)ject, the previous paragraphs 
will indii-ate tlu? necessity of maintaining known or standard conditions for precise 
sensitometric work. It is also necessary to determine just what is a suitable or 
appropriate spectral-energy distribution for the light source used in sensitornetry. 



.'t. Holutivc Hpc^ctrul intcuisity of inoun noon duyliKht at Washington, 1). Ck 

SfLcctinq <i Stdinidrd Light /Source. —In ostablishiiig standards for sensitonudry, 
i) is (h'sirabh' t hat t h(‘ standards 1x5 such as wilt give us(dul r(\sidt.s in i)ra<d.i<^e. Sima'; 
a very coiisichuabh* poiiion of all pilot,ographic iK'gativtiS are (>xpos(‘<l with daylight 
illumination, tlnu'c arc c(‘rta.in practical advantages in (duiosing for the sensil.oinetri(^ 
light s()urc(' oiK^ whi<di will provide: a spectral-energy dist,rihution giving white light 
similar to lliat of daylight. lh‘cauH(i “<layliglit” vari('s considerably both acH’ording 
to lime and geographical hxaitioti, it is more practical to specify tlu^ (diaractcuustics of 
th(> while ()t (li(' M(MKsitoin<'t ri<* H<)iir(*(‘ iti of tlu*: (liiylig|hi ovt^r 

loriji; fXM’iod of time. Mc^asuHMiuMit h on nu'n-n <laylij 2 ;ht hnvn^ inaclo over a number 

of ycairs; llu' eurv(‘ for iiH'jin noon daylight a,I VVuHhinjj^ton, D. Ch, iw shown in Fig. 3. 
()ne<' having <hslal>lisli(*<l a suitabU^ standard so far as regards si)ec.tral-criergy dis*» 
(rilnilion, (li<‘ lULxt st-('p is to Hnd a. mcMins of n^alizing this standard under (‘controlled 
eondit ions. 

Non(‘ of th(‘ light sourcxNs whieli hav(^ he<Mi us(h1 produ<u‘. a spec^trahtmergy curv(^, 
of t h(*ins<'lv<‘s, sut1iei(Mitl.\' lik(‘ that, of nuMin noon daydight to be suital)le for photo- 
graplue scmsilonu'lry. most suitable, cionvenienb, and precise^ light s<.>ur(*.es 

(in('an<h\s(‘<ait larni>H) producer spcHdral-cMuwgy curves whi(*h arc^ la<‘cking in blue and 
<‘xe(hssiv(' in r(‘(l radial ions, ITowcvcu*, the) Hpoctral-em^rgy distribution of the tung- 
st<m lam]) <‘an lx* nuide to approximate that of mean noon daylight quite satisfactorily 
through th(‘ uh(‘ of np]')ropria((* (Davis-Gibson) filtei'S. 
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Effect of Voltage on Incandescent Lamps .—The spectral-energy distribution, as well 
as the intrinsic brightness, of incandescent lamps depends upon the temperature at 
which they are operated, and this in turn depends upon the filament voltage and 
current. Therefore, for precise standardized conditions, the filament voltage must be 
maintained constant. Maintaining constant voltage on the filament of the lamp 
likewise keeps the absolute magnitude of the emitted radiation constant, another 
essential requirement for sensitometry. 

As the temperature of the tungsten lamp is raised, a larger portion of the total 
energy is shifted into the blue end of the spectrum so that the lamps tends to approach 
a more nearly white light source. But, even at the highest temperature at whicdi 
tungsten lamps can be operated, a filter is required, for incandescent lamps are still 
entirely too deficient in blue radiation to produce a true white-light source. Furtlair- 
more, as the temperature of the lamp is raised, the life is considerably decreased and 
the characteristics change more rapidly with age. A temperature of about 2500°K. 
is the highest at which incandescent lamps may be operated if they are to give satis¬ 
factory characteristics so far as life, reproducibility, and precision are concerned. 

The manner in which the life, radiant energy, and other characteristics of tung¬ 
sten-filament lamps vary with the applied voltage has been studied at the National 
Bureau of Standards.’- Some of the results of this investigation may be used to 
determine the effect on the light output of small variations in applied voltage. Sup¬ 
pose we let F represent the luminous output (lumens) of the lamp at voltag <5 K, and 
Fa the normal or rated himinous output of the lamp at its normal or rated voU.agc^ F,,. 
Then we may use the approximate relation 


F 





(I) 


(where Bn is an exponent which depends upon the size and type of th(^ lamj)) to com¬ 
pute the allowable variation in voltage for a specified small variation in luminous out¬ 
put. In order to mak(; tlu^ most use ol tliis ecpiatiou, it is desirable to specify F an<l V 
in terms of the normal valmis Fa and Fo, and the variations from tb('s(‘ normal valiu's, 
b and d, respectiv(dy. W(' may thendore write: 


F = /'’o(l + h) (2) 

and 

F = F«(l ± d) (3) 

where h represents the change in luioinous outimt as a result of tlu' voltage variation d. 
Substituting these last two (Hpia/tions into Itq. (1), \v(' have 

F = Fa{\ ± h) = Fa^ = F„(I ± (1) 

from which 

(I + 6) = (I ± d)"- (f,) 

From Eq. (5) the maximum allowable voltage; variation, ±(l which may bo tol<;rated 
for a specified fluctuation in luminous output ±6 is then given by 

+ d = (1 + b)Bi — 1 (f)) 

In all these equations, the plus signs are to be used if tlu; voltage (and hen(;e tlu' light 
output) increases, whereas the minus signs are to l)e used if they de(;r(;a.s(;. Figure 4 

1 Barrow, L. E., and J. Franklin Meyer, "Oharacteristic Equations of Vacuum and GaH-fillod 
Tungsten Lamps,” Bur. Standards J. Research, 9, 721 (1932). 
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shows the variation in light output for various types of incandescent lamps for small 
voltage fluctuations. 


4. 




B2 



VarinfiioiiH of life (/^), liRhi output. (/'’), power eouHumption (P), and <nirront con- 
Hiinii)(.ion (/) of ivmKHt.tMi lumps in tt^rrns of normal filament voltage. 


For simplicity in calciiliition without the use: of (.a.l)les, hap (G) may he (^x{)!1.iu1(mI 
by nuiariiS of tlu' hinomiul-t'xpaimion l h<a)rem. first, f.hre(^ t(M'mK of (his c^xj)a.nHiou 

ar(i: 


h (1_- Ii.,W , (1 - /<0(1 ^2/ia)6'‘ 

■ 2/b/ “ ..-- 


(7) 


I'he exitansion of Ftp (7) is otily valid for small values of f), in which cast' tht' stuies 



160 


HANDBOOK OF PHOTOGRAPHY 


converges rapidly and the third term will seldom be required. Values of for 
various types of incandescent lamps are given in Table I. 


Table I.—Values of B for Various Incandescent Lamps 


Type of lamp 

Power rating,, 
watts 

Value of 

i?2 

Bs 

Bi 

Bi 

Vacuum lamp. 

15- 60 

3.513 

i 

1.6805 

0.5805 

is.n 

Gas-jfilled lamps. 

40- 60 

3.686 

1.623 

0.523 

13.5 

Gas-filled lamps. 

60-160 

3.613 

1.623 

0.523 

13.5 

Gas-filled lamps. 

200-260 

3.384 

1 543 

0.543 

13.1 


To illustrate the use of this equation, let us find the maximum permissible voltage 
variation d for a variation of 1 per cent of the light output, i.e., b = 0.01, for a 100-watt 
lamp. For lamps between 60 and 150 watts, = 3.613, so that, substituting values 
for b and Bi into Eq. (7), we obtain, for an increase in voltage, 

4-d = 0.0027678 -|- 0.00001001 = 0.002778 = 0.2778 per cent 

Thus, in order to maintain the light output constant to within 1 per cent, the voltage 
applied to the lamp must be maintained constant to within aboiit }'^ per (“cnt. 

The plus signs in the above equations are to be used when d and b increastq the 
minus signs are used when they decrease. We therefore get two answers for a given 
voltage variation (depending upon whether the variation is an increasci or a d<u-rease). 
The above example was considered to be an increase in both b and d. If it had been 
considered a decrease, the result would have been —0.2758 per cent which, for prac¬ 
tical purposes is the same thing. 

The best types of commercial voltmeters are accurate to within 0.25 p('r <^ent; 
laboratory standards are available which are accurate to 0.1 per cent. Con.se(lu(uitly, 
for precise sensitometric work the most accurate voltmeters arc rcupiired to maintain 
the voltage constant, or recourse must be made to potentioinetric methods of control. 

Filters for Incandescent Sources of Luminous Intensity. —Siina^ none of t he; light 
sources which are suitable for photographic sensitometry—from the standpoints of 
convenience, reproducibility and stability of characteristics, or ad('(iuat(^ in((‘nsity 
have spectral-energy-distribution curves approximating that of iruain noon sunlight, 
it is necessar;^ to select a source of light on other grounds and tluai to modify its spc'c- 
tral distribution through the medium of absorbing filters. 

An acetylene flame, used in conjunction with a Wratten No. 79 filter has beam uscai 
for some time as a suitable source of wLite light. Although the sptadral distribution 
of this combination departs appreciably from that of mean noon sunlight, this d(q)a r- 
ture is frequently of little practical importance. In fact .Jones stat(>s (hat “spes'd 
values determined from this source-filter combination using materials (lin’('rii)g wddely 
in spectral sensitivity agree very well with speed values detcrniiiual by using a.(;tua.l 
sunlight.” 

A liquid filter has been developed by Davis and Gibson’ which, wlum us(;d wil.h an 
acetylene flame or incandescent electric lamp operated at 2360°K., producers a, close* 
approximation to mean noon sunlight. The filters are stable and easily r(.q)roducible. 
For use with an incandescent light source operating at 2360°K., the filter is made up of 
two solutions as follows: 

’ Davib, R,., and K. Oibson, Trans, Soc. Motion Picture Engrs., 12 (May, 1928). 
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Solution A 

Copper sulphate.. 

Mannite. 

Pyradiue... 

Distilled water to make. 

Solution B 

Cobalt ammonium sulphate. 

Copper sulphate. 

Sulphuric acid (sp. gr. 1.835). 

Distilled water to make... 


3.707 g. 
3.707 g, 
30.0 cc- 
1000.0 cc. 

26.827 g. 
27.180 g. 
10.00 cc, 
1000.0 cc. 


Exposure Devices.—In making photographic sensitornetric measurements, it is 
customary and convenient to siibjoct several strips of the material to be tested to a 
series of graded exposures so that the developed test strip contains varying amounts 
of silver deposit from the minimum (represented by fog density) to the maximum 
possible for the type of material under test. Usually the test strips are exposed in a 
series of discrete or stepped exposures varying in geometrical ratio, and the developed 
test strip is sometimes spoken of as a scale of grays. To expose a test strip of this 
type some type of tixposvire modulator or graduated exposure-determining device is 
recpiired. Furthermore it is essential to know the manner in which the density of the 
silver deposit builds up with the dviration of the exposure time, as well as with the 
manner in wliich the photographic material is exposed. 

Reciprocity Law and Intermiltency Effects .—It is usually assumed that the photo¬ 
chemical rcuudiou of photographic materials is directly proportional to the total 
(uu^rgy alToe.ting tlu^ material and that the exposure E is equal to the intensity of the 
radiations / impirjgiiig upon the plate and the time t during which these radiations 
act. As a r<\sult of this assumption, it is implicitly asstirned that the photochemical 
eff<H!t is huh'pendent of tlu? absolutes value of either fac.tor, / or t and, consequently, 
that the piiolographic materials propc'rly integrate the effects of incident radiant 
energy. To a first approximation, this assumption is true. This is the reciprocity 
hiw.' 

'Fhe aMHumi)( ion is not exactly true for photographic materials, howcvc^r, and while 
th(‘ buhl re of tlu^ re(U{)rocil y law is usually insignificant for most applications of 
phof,ogra|)hy, it catinol Ixi lu'ghud.cd whcu’c (extremely long or extremely short exposures 
are given. The ialm-mittcncy (dTivt, by whieh is meant thc^ failure of a photographic 
miitcirial t.o ri'cord t h(^ same density for a <a)ntinuous exposures ns for intc^rmittcait 
exi)osur(' of tlu^ same total (UKU'gy, is closely relat<Ml to tlu^ failure of f.he na-iproeity 
law. Like the failuri' of the law of recujinx-ity, the intermitt<mcy law does not prodiua^ 
apprecia.bl(i (errors for t he majority of apiilications to which photosensitive materials 
are uscal. llovvi'ver, lUMtlu'r efbaq. can be neglected wheia^ preeise, results are desired, 
such as in i)hotogra[)hic siaisitomet ry, or where v('ry short or very long exposures are 
involv(aI. 

Both of l h(' ('(Tf'cts numl iomal aiiove must Ix^ givcai consideration in photographic 
sonsilionK'try sima' tlu'sc! factors affect the: dcasign and (ainstruetion of suitable sen- 
sit,omclric c^xpoHun' (h'vica'H. An (exposure <l(wi(a^ operating (amtinuously does not 
produce t.b(‘ sanx' <'fT<a'l as an intorniitt.iait (exposure dcwicai which ix^rmits the same 
tot.al eixa-gy to Ix' imjna'ssial on ih(‘ |>ho(.ogra,i)luc mat,('rials. These two factors also 
atb'ct, th(( (hdinit ion of ('xposure; For scnsitometrict work, and the proper interpretation 
of H(msitomel,ri(r (lata.. 

kS('v(M’al formulas havc^ Ix'cn (h'rived to express the response of the photosensitive 
materia.1 for those* ease's whe;re inteirrnittency effect and failure of the law of reciprocity 
neaal Ix' conside^red. Of these, one of the simplest which agrees reasonalily well with 


^ J, Tl. Wf'hh haw pul^linhod a rnunbor of iiripori.ant papera oji the reeiriroeity law in the Journal oj 
the OpHvtil Bocieii/ of A merica, 
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oxpcu-iinontally observc^d facts, especially for low-intensity exposures, expresse^s the 
exposure^ E in terms of the luininous intensity of specified distribution I and the total 
time of exposure t in the form 


E == ( 8 ) 

where the exponents may have values greater than unity. Some investigators have 
found more complicated relations in which it was necessary to express the exposure 
in terms of the characteristics of the photographic material under investigation. 
Obviously this is an undesirable situation, and it is convenient to have the various 
factors involved as independent of one another as possible. 

Since the failure of the law of reciprocity and the intermittency law do not produce 
appreciable errors for the ordinary range of luminous intensities and exposure times 
used'in sensitoinetry (or in general photography, for that matter), the exx^osure has 
been defined to be 


E - Jt (9) 

This is a simx^lo relation for the 0 xx)osure and is based on the assumption that the 
Cixposure is of continuous duration. This definition of exposure, which is used in 
sonsitometry, has the additional advantage that effects of intermittency can bo 
studied index^endently, using tlie continuous exposure, as employed in ordinary scnisi- 
tometric methods, as a standard of comparison. In photographic sensitometry the 
exposure is exx^ressed in metcir-candle-seconds unless otherwise stated. 

Methods of Making Exposure. —The adoption of the above definition of exposure 
makes it evident that the graduated exposure of sensitometric strij^s may be controlled 
in any one of three ways: 

1. By keeping the intensity / constant and varying t, 

2. By keeping t constant and varying the intensity /. 

3. By varying both I and t. 

In tlu\so thre(^ (uisos it is assumed that the speed;ral-muu’gy distribution of the 
luminous source remains urndianged. 

For sirnxdieity in tlie (‘onstnudion and use of sensitom(d.ers, only the first two ni<d;h- 
ods are in common us(^, and the first two classifications enumerated aliove give rise to 
the two classifications of sensitonuiters or cxx)osure devices in common use. If the 
illumination is niaintaimal constant and oxx)osure is varied l)y altering the time 
throughout whi(di exx^osure takes xohice, a tinui scale of exxjosure is obtained. A 
sensitoinetcvr ox)orating on tliis exx)osurc {3riiu;iple is termed a '^time-scale sensitome- 
ter.’^ On tire other hand, if the time during which the exx:)osure is made is kept con¬ 
stant and the exposure is varied l)y altering the intensity of illumination betwcHui, 
su(ua\ssiv(^ steps, an ird^nrsity scale of exposure results. A sensitom(d;er using tliis 
prineixoh^ is (‘.ommoiily rcd’errcal to as an intensit 3 ''-seiile iUstrurrumt. Both the inten¬ 
sity-smile and th<^ time-sca/h^ s(nisitomet(u\s may b(^ made to produce a scnsitoincdric 
strip whi(di is (dtlicu' (amdmious or st(^j)p<Hl in its density variation. 

Following J()n(^s,2 vve^ may (da-ssify exx;»osure devices in the following manner: 

Ty]>(^ 1: rnt(uisi(,y-s(nil(^ instrumemts 
/ variabh^, t eonstiint 

1. Ckndinuously varying oxxrosure 

2. 8t(^ppe(l (^xposui‘(^ 

1 In tluH casef wf^ uh<‘ Lin* i(‘rrn exposure (for want of a better name) to indicate the intensity-time 
product function, which will be ini e# 2 :rate(l by the pXiotographic material so as to give the same effect 
as if the law of r<H‘4pro(dty was (*xa(!tly followed and the intermittency law was nonexistent. 

2 JoKEB, L. A. Photograi)luc Sensitometry, J. Soc, Motion Ficture En^jra., 18 , 32 (1932). 
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Type il: Time-scale instruments 
/ constant, t variable 

A. Exposure iritermittenit 

1. Continuously varying exposure 

2. Stepped exposure 

B. Exposure nonintermittent 

1. Continuously varying exposure 

2. Stepped exposure 

Inlensity-scale Exposure Devices ,—Probably the first attempts at photographic 
sensitornetry were made with plates or tablets having numerous areas of varying 
transmission (or density) which were placed in contact with the photographic material 
under test and then exposed to a suitable light source for a known length of time. The 
areas of varying density were numbered, and the faintest number which could bo 
read, after exposure and development, indicated the speed or sensitivity of the mate¬ 
rial. A later modification of this general principle made use of tablets whose density 
varied continuously, rather than in steps. 

Intensity-scale stmsitometers have also been introduced which consist of a series 
of tubes or cells of equal length, at one end of which is placed the photographic plate, 
the otlu^r ends of the various tubes being closed by opaq\ie plates containing apertures 
of variable areas. If these apertures and tubes are properly illuminated, the exposure 
of the film will be directly proportional to the area of the aperture. 

A method of obtaining dire<dly the H and I> curve of a photographic material using 
a square neutral-gray wedge behind which th(^ photographic material under test is 
exposed was suggested in 1910 by It. Luther. The resultant negative is preferably 
dev(d()p<Hl to a. liigh contrast. After being rotat(id through 90° with respect to its 
original position, thc> negative is placed iii rc^gister with the wedge through which the 
(exposure was mad(\ so t hat t lic liiK\s of etpial density on the negative are perpendicular 
to the lines of taiual (haisity on tiu^ tablet wedg(^ of cont inuously graded density. By 
direct, obs<'rvation of this vv<Hlge-nega.t,ive (H)mbination, t he d('nsity-log B characteristic 
may Ix' s(a'n. By making a {irint through tla^ wetlge and the lu^gative, i)referably on 
high-contrast pafxu, a i)crrnarient record may Ix' ol)t,aincd. ''I'liis method of determin¬ 
ing tlxi />-logi(i E ehara,(d('ristic.s has advantages wh(^r<! rai)id nuains of testing is 
d(!Hir(‘d. It is not likely, howevm-, that suflicicmt prtudsion can be detained for stand¬ 
ardized s(*nsit,ometrie work. 

It is generally agnaxl that, an intensity-sfuih^ instrunxuit r(‘{>r(^sentH tlie idcuil form 
of sensitonx'l <'r since phot ()graplu(^ ma t ('rials a,r(( almost a lways exposcxl under variabhi 
int,ensit \' ('onditions in i)ra,ctiee. Howevcw, ix) rcfally satisfacd.ory scmsitonieter of the 
int,(msity-scale tyix' giving the' r<'(|uired rt'i)roducibility, intensity, and precision has 
Ixx'ii d(‘V('lop('d for (‘ominereial us<\ 

Noiu'of t lx' int('nsity-scale inst runu'nts is eomph'tely satisfactory for sensitonu't rio 
work, primarily lx'caus(' sucli devdees ar<( inlx'n'tit ly complicated and rc'cjuirci t,lu^ high- 
('st (h'gree of nu'clnuiical and optical workiminship to obtjiin th(( necessary preeisiou. 
'I'lx' w<'(lg('s (eit her st('i)ped or of continuously v'arying dc'nsity) which ani rcxpiired are 
diflicidt to produei' accuratc'ly with m)nH('l('(div<( a.l>sori)l ion and proper (h'nsit.y varia¬ 
tion. d'lx'y must l)e stabh', re|)rodu<nbl(', and p<'rman(Mit in I,hear chara(!t(wisti(^s. 
Sine(' I Ix'y diffuse' t he light, passing thnxigh t lx'in, lh(^ results obtainc'd through tlxar 
us(' will eorrespoixl (xdy t,o tla^ comlilions uixh'r which tlxi gra,duat('d density tnbhits 
W('re us('d. With th(' tulxe typ<( of sc'usitoitx'te'rs, it, is r<'(}uinMl that tlu^ illumination 
h've'l Ix' as uniform as f)ossibl<'; nH)r('over tlx' intensity range is limittxl, 

Int('nsity-scale eh'vicc's may be produet'd by: 

I. Vhirying (Ix^ distarx'C! lxd.w('<'n the light source' and t he se'usitivee mate^rial for tho 
various c'xposure's. 
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2. Using different areas of a uniformly lighted source. 

3. Reducing the intensity of the light reaching the different portions of the sensitive 
material by means of screens of known absorbing power. 

The last of these is the only method now in general use. 

Time-scale Exposure Devices. —Although, in practice, photographs are taken with a 
shutter giving sensibly the same time of exposure to all parts of the negative, it is most 
convenient and accurate to use time-scale devices in photographic sensitometry. The 
reason lies in the greater simplicity, ease of construction, and inherent precision of 
time-scale exposure modulators as compared with intensity-scale modulators. Such 
time-scale devices make use of a constant source of illumination and vary the exposure 
by altering the time during which this light impinges on the photographic material. 
Consequently a simple light chopper will suffice for this system. Such a light chopper 
may take the form of: (1) a rotating wheel or drum with various segments cut out 
through which the light passes as the wheel is rotated, (2) a slotted plate falling under 
the influence of gravity or moved at some uniform velocity, or (3) a slotted tape .vhich 
moves past the aperture through which the light passes to expose the photographic 
material. The slotted rotating disk or drum is usually the most convenient form of 
varying the exposure and can be made to give either intermittent or nonintermittent 
exposures. Nonintermittent exposure modulators may be made by rotating the disk 
sufficiently slowly that the required exposure is obtained with one complete revolution 
of the disk. Intermittent exposures result if the required exposure is built up thro\igh 
successive individual exposures obtained from several revolutions of the disk. The 
slots may be cut to give steps of varying exposure. 

Differences between Intermittent and Continuous Exposure .—A distinction must lx* 
made between these two types of exposure devi(5es, as it has l)eon found that they do 
not give the same results. The reason behind this discrepanc.y lies in the fact that 
photographic materials have been found not to integrate an intermittent exposure 
correctly, except to a rough first approximation. For this reason the (diaracd.c'risties 
of the photographic material observed by intermittent exposure will depend upon 
the interinittency of exposure as well as the total time duration for which th<' exi)osur(' 
is made. As might be expected the magnitude and character of thc^ intonrnttemey 
effect varies with the chara(d<w of the photographic; mat(;rial under (;onsid(;rat.ion. 
Furthermore, whereas the speed is higher and the gamma lower' for noniidermittent 
exposures as compared with intermittent exposures for certain int(;nsity Icvtds, this 
condition may be revers(;d at other intensity levels at which the comparisons arc 
made. For these reasons the effects obtained with int{‘rmitt(;nt and nonintermif tent 
exposures cannot be (;ompar(;d. Since intermittent (;xposur(; is not (;n(;ouut(;r(;d in 
practice, there is gootl reason for preferring the nonintermittent-exposure tyjx; of 
device in sensitometry. 

Rotating disks, falling plates, and other time-varying exposure modulators can 
be made rather ac(;uratoly, tin; prc(;ision being determined l)y the jiredsion with which 
tlu; slots are cut or the pre(;ision with which tlx; shutter devices ar<; moved past tlu' 
film to give the necessary exposure;. Wlu;n rotating-disk exposure; devices are; used, 
the spee;d of rotation may be ele;termim;el with precision by means of re)tatie)n e;e)unt(;rs. 
With a precis(;ly cut elisk properly driven, ae;curato results are easily ohteiimthle;. 

Since the characteristic curve;s of photographic materials are custe)miirily ple)tte;el 
in linear rectilinear coordinates with density D as the ordinat(;s anel logu, E as the' 
abscissas, it is convenient to make the progressive cxpe)sure steps of the se;nsite)m(;te;r 
bear a logarithmic ratio to e)ne another. This may be a(;ce)mplishe;d by so e;iitting the; 
disks that the angle of arc in sue;cessive ste;ps bears a known ratio to e)ne; anot,h(;r. The* 
disk eisoel by Hurter ami Driffielel was baseel on this prine;iple. It hael nine ape;rture;s 

^ See p. 190 for definitioius of speed and p. 179 for definition of i^ainnia. 
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or slot8 decreasing in angle of arc from the center outward. The largest aperture was 
180°, the second one was 90°, the third 45°, etc. The relation between the aperture, 
angle of arc of the aperture, and the relative exposure of their disk is given in Table II. 


1 ablij II. ItxpostTRE Characteristics for Sectored Disk 


A peril i re ii umber. 

1 

Arc finale, dcKi'eea. 

180 

25(> 

Relative expoaiire. 

lo(3Cio Erhl . 

2.41 



3 

4 

5 

6 

7 

8 

9 

46 

22.5 

11.2 

6.3 

2.6 I 

1.3 

0 

64 

32 

16 

8 

4 ' 

2 

1 

1.81 

1.61 

1.20 

0.9 

0.6 

0.3 

0 


It will be seen that logm Erml is a uniform progression; the absolute value of 
t he exposure of the nth step being twice that of the (n_- l)st step. At the present 
time su<5cessivc steps are often made equal to ^2 or -^2 times the next step in order 
that more steps and finer gradations may be obtained between successive steps. 

Practical *Scrm7omfi/cr.s.—Practical sensitometers usually take the form of a rotating 
disk or (“ylinder in which slots of various widths are cut. Figure 5 shows the working 



Is of ( he man 'I'ype 115 sensitoiiK^bn' popularly (‘inployed in inotion-picd.un^ 
work. A lin(‘ swilcb LS (urns on cnrmd (o a, slamhirdizii'd lamp Ij, whose intensity is 
coni,rolled by adj iisl iium (s of t hii rheoslal. li. 'riu^ la^am from the lamp travels in a 
cone nnl.il it strike's (h(‘ mirror M, which r<dhMd.s th(! Ixaim upward to the motion- 
|)ict.ur(> film/, held in iiosilion by tlu^ plat.e PL. A shuttiu' is provided at aS', and a filter 
may lx* used, if desiri'd, at P. Th<^ exposun^ drum 1) is drivim by the synchronous 
motor aS'.I/ through t he g(>ar train (t and is eoiqih'd 1,o the shutter H in siK'li a way that 
f h(^ shut t('r is opc'ix'd for only one (unqilet.e ri'volulion of the* drum />. Slots are cut 
in tlx* <lnim in such a way that tlx* exposure for ('ach slot is \/2 times that of the 
pr(*e('ding slot. Tlx* total lAxposure; range* of tlx*; drum is 1024 (,o 1. 
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Development for Sensitometry. —The sensitometric strips are developed after 
exposure. Since the density of the silver deposit depends upon the developing condi¬ 
tions as well as upon the exposure, it is apparent that the developer and the conditions 
of development must be standardized for precise sensitometric work. The conditions 
which are chosen for standardization, however, cannot be established once and for 
all, for consideration must be given to the type of work being accomplished. The 
development conditions will obviously be different for research work on developers 
than for routine processing of a certain class of film. 

The investigations of various workers have shown that the constitution of the 
developing solution affects such photographic characteristics of a giver) material as 
rate of development, contrast, density, fog, latitude, speed, etc. A paper by Clark' 
summsirizes the effect of changes in the constitution of developers and may he con¬ 
sulted by those interested. 

Developers for Sensitometry .—For a comparison of emulsion characteristics and for 
investigations in which the control of processing is not involved, standard developers 
and developing conditions may be established for photographic sensitometrit! work. 
A developer suitable for this class of work should have the following characteristics: 

1. Good reproducibility 

2. Low temperature coefficient 

3. Low sensitivity to changes in concentration of bromide 

4. Production of neutral density image free from stains and selective absorption. 

6. Good keeping qualities. 

For many years a pyro developer was used for sensitometric work. Such a devel¬ 
oper was generally suitaV)le since pyro developers were extensively used in practice. 
However, since some of the reaction products of pyro developers are definitely colored 
and are absorbed by the film, the developed negative has a yellowish stain which has 
considerable absorption to the blue, violet, and ultraviolet. The photographic^ and 
visual density are therefore likely to be quite different and corrections are requin^d 
when converting one density into the other. Pyro developers have fallen somewhat 
into disuse during recent years, so that a pyro developer* for sensitometric work does 
not have the merit it formerly possessed. 

A developer suggested l)y Sheppard and Travelli,'* suitable as a standard develo{)er 
for scientific sensitometric work, consists of: 


p-A mi nophenol hydroehloride. 7 V 4 

Sodium sulphite (anhydrous). 50 

Sodium carbonate (anhydrouH). 50 jLi;. 

Water to make. lOOO (r<L 


This developer produces a neutral-gra.y deposit, has desirable fog charach eristi(^s, 
contains no bromide, and is relatively insensitive to the pres(n)ceof bromide so that the 
regression of inertia with in(^roasc in tim<) of dcveloj)rtient and speed should be it)de- 
pendent of development time. This developer has a relatively high temperature 
coefficient,® so thjit for precise sensitometric work the temperature must bo controlled 
accurately during development. 

' Ci.ARK, W., Phot. J., €6 (n.s. 40), 7H (1925). 

‘-J Jones, Ij. A., “ Photo^rajihic SpiLsitornetry,” Eastinau Kodak Co. (1934). 

» The temperature coefficient for a particnilar developiufc agent is defined as thf^ ratio of tlu^ velocity 
constants k for any two temperatures. The <lifference in temrieratures for the two velocity couHtants 
is chosen as 10*^0, Thus, if kw is the velocity constant at 20 ®C., and kao is the velocity constant, at 
30°C., the temperature coefHoient r of this developer between 20° and 30°O. will be 
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If senHitometry is being carried out for the control of pnotographic processing, it is 
desirable that the developer and the developing conditions be as nearly as possible 
like those under which the processed materials are being developed. Not only should 
the same type of developer be used, hut the same developing solution should he used 
at the same time that processing is accomplished. The developer becomes exhausted 
upon use, and its effective composition changes. Consequently the action of the 
developer after some use may l)e considerably different from that when, the developer 
was freshly compounded. To insure that the developed sensitometric strips will 
afford a precise index of the processing performance which it is desired to test, it is 
essential that the sensitometric strips be developed along with the material under 
test in such a way that l>oth typess of material receive identical processing. 

Technique of Development .—In its broad aspects, the technique of development for 
sensitornetry is no different from the devtdopnnmt technique of other photographic 
materials. Hcnvevtw, the particular problems involved in sensitornetry often make it 
desirable to pay more than ordinary attention to such factors as (1) evenness of 
development, (2) temperaturt! of the developer, (3) agitation of developing solutions, 
(4) prevention oF'l)ul)bl(>s, streaks, stains, ct,c. 

Throvjgh tlv' use of therttnostatic control, it is easily possible to control the tempera¬ 
ture of the dov(‘loping solution to ±O.I °C., and through more elaborate toniperature- 
oontrol hatiis still furt luM- control can be effected. Tomperatiirc variations of 0.1°C. 
will not (muse H('ric)us errors in scMisitornetric^ work due to the temperature coefficient of 
d<*V(d<)perH. VVh<M’(‘ t.lx'rmostntic control of th(‘ dovclojring solutions is not possible or 
praciicjil)!(':, the t(‘iii|)(‘rn.turc of tlu^ d(w<'loping bath may be maintained reasonably 
c.onstjuit by iiniiu'rsing the developing tank or tray in a large tank of water which is 
thoroughly agilnlcd. Aft(‘r the' (Uwdoping solution is in temperature equilibrium 
with its surrourKling ba.th, the tliermal iiu'rtiaof tin’: water surrounding the developiiig 
tank will as.sist in ijnwcnvliiig sudden or sipprociahlc temperature variations of the 
<l(woloping bath. 

In any eas(' it is d<'sirnl)l(' to us(^ a (comparatively larg<c volume of (lev(doping solu¬ 
tion HO that t h<’ n'iictiou product s may Ix' c<>nHi<I(M'a.l>ly (liluh'd, thereby influencing the 
c'lT(‘ct ive (•onc(’nt rat ion of the solution a minimum amount. The sensitometric strips 
.should he agitat«'(l in line solnt ion .so t hat- frtcsli .solution is <c(jnst{u»tly presented to their 
•surfsus'.s. Hocking tlu' t rays or tanks lias l)(‘(’:i> found l)cn(!fic.ial and produces fairly 
uiiiform resuK-s. Brushirtg tlu'surbuo'of th(> st rip with a cannd’s-hair brush is another 
V(M'y <'lT('ctivc means of removing exhaiisl('d devM'lopc'r from the surfa(^e of the strips 
but is proloihly not so reprod ucibU^ as rex^ki iig t lie trays, since different workers handle 
tlu' l)niHh strokos difTerently. 

Density Determinations. With t lu* b'st strips exp(>s(Ml to a, series of known expo¬ 
sures and (U'V('l<)p('(l uiuler sp(‘ci[i<‘(l and (xmtrolh'd ((oridit.ions, it now roiuains to 
cva,luat(‘ in sonic api)ropriat<' manner tlx' n'sponsc of the: photogrnphie inatt^rial (the 
amount of silvx'i- deposit ) (o Mk' stiniuliiM (('xposunO- Visual inHp(^cti()n of the silver 
d('posil is un.sa,li.sra,cl,ory. l''or (pui-nt-ita-tive work, tlu^ iiia-giii tude of tlu^ silver deposit 
(•oiT('S|K)nding to tlx' \ari<m.s cxpostin's on the sl-rij) is dchuTiiined optically by the 
a-inount- of light which t lu* photogra[)hi(‘ niat.erial trai.usmits or refhxits. In the ease of 
negat ives, the t ra-iisinissioii of tlx' material may he used; for printing papers, the 
atnoiinl of r('ilecl('(l light (h'lcni iiri(‘S th<' (U’lisit-y. 

FuniUnnenUil Drjinitiouet /'.scd in. *S'e/mVo//ic/r/y. --Before W(i ean discuss the detor- 
niinatioii of (h'lisity proiaerly, it is essential l-o ('Hta-blisli (icrtain definitions. To do 
t his, l<'t /„ he t h(' luminous flux ineidi'iit- upon t.lm negative. It the luminous Hux trans¬ 
mit b'd t hnxigh the negat ive, 7’ the transmission of the negative, O its opacity, and D 
its (h'nsily. d’hen, hy (Udiniiion, 
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( 11 ) 

( 12 ) 


h 

/o 

h 

It 

logio O = logio ^ = logio Y == —logio T (13) 

To a first approximation, D is proportional to the amount of silver deposited per unit 
area. 

Similar equations may be derived to apply to printing papers as well as to nega¬ 
tives. If /o is the luminous flux reflected by the white paper having no exposure and 
Ir is the light flux reflected from the paper having a deposit of silver whose density is 
D, then 

D = logu, 01’) (14) 

There is nothing in the preceding equations whi(‘.h leads one to siispocd. that the 
application of these formulas would not give definite and precisely reproducible results. 



Flu. 6.—Polar diagram illuytrating the scati.oriug of light in passing t hrougli a photographic 

him. 

That sucdi is not the ease chqxmcls upon the fact that in passing through thc^ dcvclopcHl 
silver image of a negative, the light beam is s(*-atter<Hh as shown in Fig. (5, so that the 
determination of demsity and tniiiHinitteci light flux depends upon the nuiniuu* in \vlu(*h 
the transmitted light flux is measured. 

t^caiiering of Light by Negative.—^Vo study in great<u‘ di'tail th<^ significuinee of tlu^ 
s(*attering of light, suppose Id in Fig. 7 represents a narrow pcmcil or hcani of liglit imu- 
dent upon the photographic negative to be measured for demsity. In passing tlirough 
the negative, part of the beain is transmitted direedly through the film A; part, of the 
light is also scattered or diffused as it passes through the film, and enuu’gc^s at some 
angle from normal. If we investigate the intensity of the transrpittcHl rays as a. fum*- 
tion of the angle or direction from the point where the normal rays emerges, vv<^ (ind 
that we can construct a polar diagram as shown in Fig. 7. The lengths of t lu^ v(x‘tors 
represent the intensities of the light in that direction. Olwioiisly, a threcvdiimmsional 
vector plot is obtained, although, for simplicity, only a two-dimensional drawing is 
shown in the plane of the pajier. The outline or envelope of those vectors shows t he 
manner in which the emergent light is distributed as a result of partial diffusion of the 
normal ray /o. 

By means of this diagram it may be seen that the value of the transmittcHl light 
will depend upon the manner in which it is measured, and consequently several values 
of density can be obtained. 


T = 
O = 
D = 
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If we measure all the light transmitted through the negative, i.e., if we determine 
all the light in the envelope (by means of an integrating sphere, for example), as shown 
in Fig. 8, we obtain what is known as diffuse density. 

The light transmitted through a negative may be measured by means of an inte¬ 
grating sphere and radiant-energy detector. The integrating sphere consists of a 
hollow sphere whose inner surface is covered with some coat of diffusing and reflecting 
material. The film is placed in contact with a small aperture in the integrating sphere, 
the aperture being small compared with the dimensions of the sphere. Thus the filrn 
and aperture aro^ sensibly a portion of the spherical surface of the integrating sphere. 


A 



Fiu. 7.—Polar iliagrarn illuatratiiig the soattoriiig of light in passing through a photo¬ 
graphic film. The relative intensity of the emerging beam in any direction is proportional 
to the length of the arrows in that direction. 

The (h‘i('<d.or may be a phototube and as.sociat(^d electrical circniit, a thermocouple, 
bolometer, or similar device. Preferably a nonselectivo indicator should be 
used. I)ir('ct rays from the ai)erture are prevemtod froiti reaching the indicating device 
by means of a shi('ld, and only that em^rgy coming throtigh the aperture which has 
been refUMded l)y tlu; spherical walls of the integrating splioro affects the indicating 
dcevice or (U'toctor. 

If now, lh(> film is plac('<l v(ery <doHe to the apterture, as in Fig. 8, so that it forms a 
portion of t he wall of the integrating sphere, tlu' trnnsmitled rays normal to the film, 


lo 


Km. 8. By inoaHuriiig all the light 
puHsing t hrough (lu* iu>gn(,iv<', t he dilTnse 
df'iiHity is <lt't(*rniiiHt(l. 



Kid. P. ~ lly measuring only that por¬ 
tion of the light passing straight through 
(he negative, speimlar density may be 
(lot ormiuod. 


as well as the dilTusc'd rays coining through the rn^gative, will be collected by the 
intcgraling sphere and will det.i'rminc tlic reading of the indicating device. 

/df/fasc (itul Spccidar /h’a.viVy/.—-Tlu! value of (lu^ dimsity (utmputed from the inci- 
detd- and enn'rgent light, in this casii is known as “dilTuse density.” It is based upon 
ineaHun-nn'nf. of the t.ot.al t ransmission of the negatives (bol.h normal or undeflected, as 
w(dl as dilTust'd light.) and will give the smallest po.ssibhi value of density. The meas- 
urcMruMit s inaih^ on tlx^ liasis of dilTusc dimsity a.r(^ appropriate for contact prints, since 
coniact prints use all tlie i.ra.nHmit.l.e(l light. 

If now t he film is removed a eonsidiirable distance from the apert.ure, as in Fig. 9, so 
that th(^ only rays passing through the aperture are those which arc transmitted by 
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the negative without diffusion, the value of density obtained from such measuromenta 
will be higher than the diffused density. The reason for this is that in this case not all 
the transmitted light is used to actuate the indicating device; the diffuse coinpoiient 
does not affect the indicating device at all, or only slightly. Density determinations 
based on such measurements are known as specular-density measurements. 'Tlie 


magnitude of the difference in determinations of diffuse and specular density will 
depend upon the size and shape of the grains in the emulsion, grain-size frtupicncy 
distribution, thickness of the layer, number of developed grains per unit area of tfie 
layer, and similar characteristics of the film. 

If the negative has some intermediate position from those mentioned ahov(*, .some 
intermediate value of density will lie determined. Density detcuitdnations ma<it‘ in 

some such manner as shown in h’ig. 10, 
where the normal rays as well as some of 
the diffused rays are effective in ac-timt ing 
the indicating device, are known as int<u’- 
mediate densities. Obviously an indefinifi' 
number of intermediate densititvs may Ix' 
determined, depending upon the ndation of 
the film and the aperture of the int<igrating 
sphere. 

The relation between specular and cliff use 
density gives a measure of the dis(^re:paiKn<‘H 
of the various methods of density determ i na¬ 
tion. The ratio of the specular density, sometimes designated by D|| to the <liffuHc 
density D-ff, has been designated as Q by A. Callicu' who first stiuhed this 
The quantity Q, which is defined to be 



Fig. 10. —Intermediate density may 
be determined from measurements which 
make use of the specular as well as some 
of the diffused rays of light passing 
through the negative. 


Q = 


mi 


(if>) 


is known as Callior’s factor coefficient or Q factor. 

In general, Q may be expected to vary from 1.0 for grainloss plates to 1.9 or mon* 
for fast plates with appreciable grain. I'lie value of (J is not a. constant for a givim 
type of film or plate, however, hut depends upon the density of (lu' film or plnfc n.s 

Table III.—Measuhements Siiowimi H,Ei.Aa'ioN BErwEEN Q and Dknhi'i'y ' 


Diffuse deibsity 

Specular density 

( 'iiIlit'i ’H factor 


H\\ 

Q 

0.0641 

0.108 

1 . ()8 

0.110 

0. 180 

1 . (i4 

0,223 

0.332 

1.49 

0.335 

0.509 

1.41 

0.460 

0.()50 

1.41 

0,550 

0.770 

1.40 

0.640 

0.891 

1,39 

0.790 

1.07 

1.3(i 

1.08 

1.44 

1.37 

1.31 

1.75 

1.34 

1,58 

2.00 

1,27 

1.89 

2.40 

1 1.25 


^From Ij. A. Jones. “Photograpliie SensitomeUy,” KuHtmun Kodak Co. (1<)H4). 
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well. Table III, taken from Jones, ^ shows the manner in which Q depends upon the 
density of the negative. 

Effective Density of Printing .—Since the conditions under which contact printing 
is done make use of all the transmitted light, it is evident that the most useful density, 
or the effective value of density for contact printing is diffuse density. For all prac¬ 
tical purposes the diffuse density may be used as the effective density values for contact 
printing. 

Unfortunately, the effective density of a developed film or plate cannot be so 
r('adily specified for projection printing. The reason lies in the fact that projection 
printing corrt^sponds more nearly, in its optical system, to some intermediate value of 
density which varies with the enlarging conditions. In some instances, however, the 
conditions for projection printing may closely approach the conditions for specular 
d(m,sity. Th(iy arc generally nearer to specular than to diffuse density. The effective 
density of a developed iw^gative for projection printing depends upon the optical 
system used in the projection eciuiprnent. 

Densiionieters .—Having exposed the sensitometrio strips in a known and predeter¬ 
mined manner and having developed them iinder standardized or known conditions, it 
is now necc^ssary to determine quantitatively the effects produced by the exposure, 
ddiis is done by measuring the amount of silver deposit per unit area or the density 
of the m^gativc. Sucli a measurement is made most readily with a special form of 
photonud.cr (h^signed to measure the magnitude of the light transmitted by the silver 
dciposH, on f h(' film. Such a form of specialized photometer is called a densitometer, 
or, if th(s area lading nu^asured may be limited to that of a small hole or slit, a micro- 
(hMisitonudin- or nu(rrophotometer. 

'Th<M’(^ an' various types of densitometers, operating on various principles. All 
of tlKun, howev(‘r, make uh(^ of (hdca'tninations of the radiation incident on a detector, 
both without and with the negative—whose density is to be determined—in the path 
of 1 he light Ix'atn. 

All (U'nHdometc'rs (‘ontain as fmulamental features a source of light to provide 
the m(‘a,soring beam passing through th<! tu^gative,, a means of limiting this beam to the 
d(isirc<l anal of 1 he negative, arid a nu'ans of comparing the brightnojss of this beam witli 
tluil of another (or a part, of ( he same bearn) which has not Vicen made to pass through 
any portion of ( he negative. The drmsitometer must, thenvfore, provide some means 
for nu'asuring the int(‘nsity of the fight without the negative in one of its beams /o 
arid the int.ensity of ( he same or an erpial light beam with a portion of the negative in 
i(.H ]»ath / and must provide some nir'ans for comparing these two intensities. Thus, 
esseiitiully, all dmisity (or (ransmissiori) measui-ements may be regarded as determi¬ 
ning ( he di(Terene(‘ betwr'cn ( wo dilTerent conditions. 

Some d('(('e(ing or indicating devi<m is nuprired to compare the relationship of 
thesf' two eondilions. d'he comparison between the intensities of these two light 
beams, which should liave the same spectral distribution, can be made by visual obser- 
vaiion. In (his case, ac<Mir'a,(v and ri'prodiuuble results <^a.n l)e obtained only when the 
(.wo light Ix'anis being (xmijiarr'd can be plncasl side by side in an optical system and 
wlien [irovision has Ix'eti made for diminishing the intensity of the stronger beam con¬ 
tinuously, by known amounts and without changing its spectral distribution, until it 
matrdies tin* in(,('nsi1y of t he weaker beam. In densitometers which make use of visual 
comparisons, a good balance ("an be obtaiiu'd only it the two light beams are of the 
sanx" color. Mon'over, tlu" judgment of the operator enters into the determination 
of t lK" conditions of balance". Hecuiuse of the vagaries of human judgment over a 
period of tiiiK", tlu'se subjective methods of measurement do not usually give such 


* .loNKH, A., “Plu>tuK>a|>lii(" HenHitometry.” Soc. Motion Picture Engra., 18, 324 (1932). 
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precis^ and reproducible results as measurements made with an objective detector such 
as a phototube or thermocouple. This is especially true when the eye is subject to 
fatigue. A very important advantage of subjective determinations of density, how¬ 
ever, is the wide range of light values over which the eye is sensitive. Another advan¬ 
tage is that such systems may be less expensive than objective methods, since no 
indicator need be incorporated in the densitometer itself. 

In the case of objective densitometers, the indicating instrument may be a photo¬ 
tube (either photovoltaic, photoconductive or photoemissive), a thermocouple, or 
similar radiant-energy-detecting device. These detecting indicators niay be selec¬ 
tively, sensitive to radiations of various wavelengths, as in the case of phototulK^s, or 
may respond uniformly to radiations over a wide range of wavelengths, as in the case 
of the thermocouple. In selecting an indicator for a densitometer, consideration must 
be given to the wavelength-response characteristic of the detecting device, as wt^ll as 
the frequency-energy characteristic of the luminous source, for the results obtained 
depend considerably uppn these two factors. 

Subjective-type Densitometers .—The subjective or eye-matching densitometers are 
usually modifications of some well-known type of photometer. Because of the simple 
optical means which it provides for matching two beams of light and because of the 
fairly high precision attendent with its use, the Luminer-Brodhun cube employed in 
photometry is most frequently used as the method of comparing the intensity of tlu^ 
two light beams. In order that variations in the brightness of the lamp may h<‘ 
eliminated, it is common practice to use a beam-splitting device which produc^es two 
optical beams from the same luminous source. The intensity of both beams will vary 
together if fluctuations occur in the intensity of the light source, but the ratio of the 
intensities of the two beams will remain unchanged. The principal variations in t he 
design of photometers of this type occur in the means used to diminish the intc'nsity of 
the stronger beam. Methods most commonly used for this purpose includes absorbing 
filters or wedges, rotating sectors, polarizing plates whoso axes may bc^ varit^d with 
respect to one another, variable diaphragms, and variable distanct; between tli(' del ('c- 
tor or comparator and the lamp in order to make use of the inversci square law. 

Objective-type Densitometers .—The objective (or physical) type of dfuisitomeler 
may be similar in many respects to the subjective type of dcuisitometer. 'l'h(> two 
forms differ in one important respiict, however, in that as a means of comparing th<‘ 
two light beams, the human eye is replaced by some sensitive element siudi a.K a photo- 
electrically sensitive device, a thermocouple, radiometer, or similar pic'cc of physical 
apparatus. This sensitive element is connected directly or through apiu-oprint 
amplifying systems to a deflecting device, such as a galvanoinettn-, so tlm,t obj(‘<'live 
comparisons may be made between the two light beams. Two advantages rtssull from 
the use of an objective indicator. In the first place, the results ol)tain(ul are lik(‘ly lo 
be more precise and reliable, since they do not depend upon the judgttiont of the 
observer. Secondly, by making an appropriate choice in the selection of t he* sc'usit iv«^ 
element and light source, it is possible to make measurements in portions of 1 In* .spec¬ 
trum to which the eye is insensitive. 

Objective densitometers may be nvade in three types: (1) null instrunuud.s, (2) 
deflection instruments, and (3) automatic-recording densitometers, ddie null t.vfx* of 
instruments are in general similar to sulqective instruments in that tin* nu*uMuring 
and comparison beams are balanced against one another. Their int<'n.siti('s arc^ 
brought to equality by reducing the intensity of the stronger liearn until tlu'y are 
matched, when the indicating device will read zero or some other rt^fereiu^t^ vahie. 
Null instruments are among the most precise types of densitometers which ha,v(^ b('<'n 
constructed, since it is usually possible to balance out most, if not all, of the factors 
producing irregularities or systematic errors. 
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In the deflecting type of densitometer, the difference in intensity of the measuring 
and comparison light beams is measured directly by some deflection instrument, and 
no effort is made to create equality between the intensities of the two beams. 

Automatic-recording densitometers are elaborations of the null or deflecting type 
of instruments. In place of the deflecting type of indicator, a recording pen is pro¬ 
vided which makes a plot of the density as the position of the photosensitive material 
under measurement is changed. 

A wide variety of densitometers and microdensitometers has been described in the 
literature for general photographic research and for such specialized branches of 
photography as radiography, astronomical photography, spectroscopy, etc. A few 
representative densitometers for gomeral photographic work will be described, but for 



I‘'i<;. 11. I )ia.Kraiiunat ic illusl rulioii sliowin^i; I ho csHciit ial (Ichiki* of the (Jupstaff-Cirroen 
(U'liHilonu'lx'r which mak(w uh«' of ( he in verHC'-H<iviure law of illumination. 

additional (hdaihal iidbrinalion or for information on (h'nsitoiru'tcirs for sja^cializu'd 
ai)plica,lions, ( la* t<'cluiic!il lilc'rature should la^ consulhal. 

('(ipsi(ij}'-(rr<'rri. [)<'nsiU>nirt<'r. --'Vhe ('apstalT-tInaui densitonud.c'r is of the sul)j<H*- 
1 ivc type and d(‘p('nds upon tlu' inv('rs»vK(iua.rti la.w for its (uilihration and for its method 
of balancing tlu' (Mpmlity of tb(' comparison and iiuoisuring light l)cauis. A diagrait» 
showing I he (^sscud ial elenu'iits of construction is shown in Fig. 1 1. '’riiis densitomett'r 
consists of a light sonrc(' whicdi is split, into twt) beams. Oru' beam tra.v(‘rses the path 
from lamp / to (Ik* rellecliug mirrors Af, M', M" a.nd finally falls upon a, partially 
rcihad ing mirror M in the cy('i)iee(‘ //. 'Tlx'ol.luu’Ixuun ( raveds dirc'cl ly from th<^ lamp 
f through a diffusing scnaui A', upon wlu(di tlu* lu'gative to la^ ineasur<‘d is i)laced, and 
th<‘nc(* to I 1 h' partially ladU'cting mirror M. d'lu^ lamp may Ix' uioved up a,nd down on 
a suilal)l(‘ earrijigci. It is driv<'U by a sltad tape; i)assing over pulh^ys, tlui tape being 
graduated to rejul (Umsity dinadly. 'I'lnj laini) is adjusted to its zero or refereiuu' 
position with tlu^ lU'gative nunoved until both fields of the tjiirror in the (\yepiece are 
('(piully illumiiia,l('d. 'I'Ik^ lu^gative is then iiisertc<l on the scrcfuj ^S' and the lamp 
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moved 11111711 a b8,la,iice of intensity is obtsiined in the eyepiece, when density of 
the negative may be read directly from the calibrations of the steel tape. Calibration 
of this tape involves the inverse-square law. 



Fig. 12.—-Opt^al system of the Capstaff-Purdy densitometer manufactured by the 
F-astman Kodak Company. The negative is placed on the stage, H, and light from the 
lamp A IS split into two beams. One beam passes directly through the negative to the 
eyepiece, J, whereas the other travels from the lamp to the mirrors B, D, and F, where it is 
reflected onto a split mirror G and then is reflected to the eyepiece ./ where a split field is 
observed. When the wedge, W, is adjusted so that the two fields of the eyepiece match, 
the density may be read off from the wedge calibration. The knurled screw, K, is used in 
making adjustments for the reference position of the wedge. 

Capstaff-} urdy [densitometer.- The; Capstaff-Purdy densitometer manufacturered 
by the Eastman Kodak Company is an example of a subjective type of instrument 
whif-h depends for its indications upon a calibrated Figure 12 sliows a diagram 



of the essential optical system of this densitometer, and Fig. 13 shows a schematic 
diagram of the completed deviiic. Here again the light from the lamp A is split into 
two beams. One of tiiese traverses from the lamp A through a diffusing glass H (over 
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T™? P'«ed and then passes through a aeld-torming photometer 

head. This latter eonsists of the partly redeoting, partly absorbing, mirror F and the 
mirror ff, which has a, circular disk from which the silver has been removed so that the 

fZ', ; yT ’’a Pf« Hii-o-Bh H. The other beam traverses the path 

from l,he lamp A to the mirror B through a graduated wedge C, a second mirror D, and 
hnall,v impinges on the partially reflecting mirror F, where it is reflected to the mirror 
O and viewed together with the direct beam from A. Equality of the direct and 
reHoetod beams is olrtamed by rotating the calibrated wedge W until a portion of the 
wedge having suitable absorption intercepts the reflected light beam. The match of 
the two Mils IS made hy looking through the eyepiece J and rotating the circular 
wedge. 1 ho initial adjustment for zero density (when the negative is removed from 



Fi(». 15. ()i>(icjil imriH as uhocI in i,ho Martens polarization photometer head. The 
oHHtMitinl i>nr(M nro: A, Wfillnstou polarizing prism; B, biprism for splitting the field; 
(\ nnalyziiig Miool prism; [, iiulox pointer; Lx, field Ions (^ornontod to Wollaston pri8m;Z,2, 
t'ynpicici* lt*iiH; (), aiiorlnrL’ for one fiidd; O', a[)orturci fcjr other field; S, scale. 


I he (Icii.silonuddM-) is inji,(l(> hy moving; Mu^ position of the lamp slightly by means of tho 

kty K. 

Figure 11 shows an extornn.l view of tho cornpl(d,od instrument. The edge of tho 
wedge projiM'ts Ix-yoml oru' si(l(> of tho case and may lie rotated by the finger. The 
wedge is niM<l<' Ily copying on a. pliotosc'nsitive plate a eiroular-wcclgo cast in gray-dyed 
gi'lal in. Idieh sueli wc'dgo must b(‘ ealil>rn,tO(l agjiinst a standard hofore the derisitoni- 
e(or can be used to imlioatd' (huisity directly, and a stiitahle ealibratierd scale must he 
iiflixf'd l<) the eiroular wedge. d’ho scale is road through a small circular window'. 

MdrtctiH /‘dldni-ftlton DcriHito/nctcr. —Anot.luu' form of subjective deusitonioter is 
th(‘ Marteu’sdeiisit onu'ter, wliieli niaUes us(' of tho variation in absorption oftwo polar¬ 
izing pri.Mins as t lieir axes are rotaddul vvitli I'esiieet to one another. A polarizing plate 
or crystal, usually designated as a, polarizer, is used for tho production of abeam of 
plaiK'-polarized light. Anotlier polarizing deviee, (udled the analyzer, is placed in 
aligniiumt with tlu' iiolarizer. Tlirough the relative rotation of the polarizer and 
analv'zer. t lie intmiHity of the light transtnitted by tho combination may be controlled. 

Figun' 1.5 shows t h<i seduunatie diagram of the optical parts of the Marten’s polari- 
zat ion pli()t«nruM<‘r head, and f'ig. Ifi shows the coinjilete instrument, including the 
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arrangement of split-beam illumination. In Fig. 15, “two beams of light enter the 
instrument through two circular apertures, O and O', each approximately 6 mm. in 
diameter. Both of these beams are polarized by means of the Wollaston prism A, 
which splits the light into two components, one of which is polarized in a plane per¬ 
pendicular to that of the plane of polarization of the other. On the upper face of the 
Wollaston prism is cemented a Fresnel biprism which forms the photometric field. 
The analyzing prism C is of the Nicol type. The lens I/j cemented to the lower face 
of the Wollaston prism is a field lens, while is the eyepiece lens. The analyzing 
prism C is supported so that it may be rotated about the optical axis of the instrument, 
its orientation being indicated by the index I reading on a scale which remains in a 
fixed position relative to the Wollaston prism A. The photometric field as seen by 
the eye placed at the exit pupil of the eyepiece is circidar in shape, divided alor»g a 



Ficj. 16.—Section diagram showing construction of Martens polarization densitometer. 
The essential parts are: 1, lens for forming an image of subject, Af at apex of hiprism; A/, 
light source diffusing plate; JV, analyzing Nicol prism; P, photographic plate to he measured ; 
■p, prism for reflecting light from M to eyepiece; q, prism for reflecting light from A/ through 
photographic plate, P, to eyepiece. 

diameter hy an imago of the apc'X of the biprism B. fi(dd thus consists of two 

juxtaposed semicircular areas, the rodative brightness ol t.h(‘ two being controlhHl by 
rotation of the analyzer C. One half of this photometric field is illuminatc^d l)y light 
which entci's the aperture O, while the other is illuminated l)y light which enters the 
aperture O'. If the densities ol the two beams entering the; instrunumt are (uiual, th(^ 
two halves of the photometric field will be of identical brightness wlien the iudc'x I 
reads at 45 degrees on the scale S or at a similar position in each of tlu^ otlu'r thn^e 
<iuadrauts of the graduated scale *S'. If an absorbing material is placed over one of th (5 
apertures (either O or O') the two parts ol tlie field will no ]ong(;r be of ecpial brightiu^ss 
but by rotating the analyzer O the briglitiu^ss c^an be i’estor<'d. ’^Ihc! rcdativ(^ brighttu^ss 
of the two parts ol the phol.omcd.ric field lor any spcjcifiecl angidfir redationship l>etw(^en 
the position of the analyzer and the polarizcu- may l)e computed by means of tin? 
tangent-square law. Hence for any setting which has Vxien made to equalize l,h<^ 
brightness of the two fields, after the insertion of the photographic density in one of 
the two beams, the magnitude of that density may he directly computed."^ 

1 JoNBS, L. A,, " Photoj^raphic Sensitoraetry,’’ Eastman Kodak Co. ( 1934 ). 
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The instrument shown in Fig. 16 is usually referred to as the Marten's photometer 
head, and in order to construct a satisfactory instrument for the measurement of 
density, this must be associated with cert.ain elements suitable for illuminating the 
photographic density to be measured and for providing the comparison beam. One 
arrangement for the provision of satisfactory illumination is shown in Fig. 16, in which 
71/ represents a ground-glass dilTusiiig surface illuminated to a relatively high level by 
some external light source placed to the h^ft of M in the figure. The total-reflecting 
prism p reflects light from M through one of the apertures in the nosepiece of the 
photometer head, thus serving to provide the comparison beam which illuminates 
one-half the photometric field. A lens Z, mounted as shown just below the nosepiece 
of the photometer head, forms an image of 71/ approximately in the plane occupied by 
the apex of the Ph-esnel biprisn?. A second total-reflecting prism g reflects light from 
M through the other aperture of the nosepiece, thus illuminating the other half of the 
photormd.er field. The photographic plate or film to be measxjired is placed in the 
position as iiulicatod at P. In this arrangement of the Marten's polarization photom¬ 
eter, the illumination of the photographic deposit to be measured is by means of a 
semispe<mlar beam of light; hence the value of density approaches that of specular 
density for the deposit in ciuestion. By placing a small disk of white pot-opal glass 
immediately below /•*, it will be ijossible to obtain r(!adings of diffuse density. In this 
(Uise, it will, of (^ours<*, Ix^ necessary to balance the illumirmtion by the insertion of a 
proper amount of absorbing material in t.lu' <*omparis<)n beam reflected by the small 
prism p. Under such comlij ions, it is sonuwvhat difficult to obtain sufficient illumina¬ 
tion to nnid very high d(‘nsit.i(\s with precision. Th(^ groimd glass 71/ may, however, 
he rtnnov<Hl, and by using a light source of high intrinsic brilliancy and a properly 
desigiu'd opti(^al systmtv, a liigh (H)uceutration of light flux may be obtained on the 
opal glass dir(Hd,ly underneath /'; in this way more satisfactory results may be obtained 
in reading high vuihuis of diffus<^ density. 

Interpretation of Results. — It now remains to int(M‘prct tin; results of the exposure, 
d<'V(do[)ment, and (Umsify-d(d(‘rmining process(^s w'hich we have gom^ through for our 
si'usit(>m('t ric del<'rminalions, ar<i a number of wuiys in whi<di the results of tlui 

s<msitotn('tric proc<‘ss may Ix' inhu-pndxxl, hut g(^nera,lly graphical methods of irvtcr- 
prdation arc most usd'ul and direct. 

// and I) ('h(irarlrrif!lic. Th(‘ most importnid, rdation in photography, so far as 
(•on<*<‘rns lh<' chara(derislics of photosensitive^ itui.t<wia.ls, is that showing the ixdation 
Ix'twcx'u (lici <‘xposur<‘ of lh(‘ mat(U'ial and th(' r<^sulting density of tht^ silver dc^posit. 
'I'his n'lalion is shown in I'fig. 17 hy means of the: fainiliar (diaracteristic. ciirv(^ or H 
and I) curv<'s, naiinxl in honor of IIurl(‘ra,nd Driffield—^early resejireh workers in the 
fi<'ld of pfiolograpliic scMisitoim^t ry. 'This eha.ra<*teriHti(r curv(’: is ohtairuxi hy giving 
lh<‘ pholographi(‘-H(‘nsitiv(' nmtc'rinl a. seri(‘s of gra.d('(l ex']X)sur(^s, (lu^ (exposure of one 
sh‘i) hearit>g a known ndation to that of tlx' prcxxxling and smxx'eding stops. The 
densily of <'a<'h step in th<^ (h'vdopcxl silvx'r image' is th<'n measured and is plotted 
against llx' logarilhms (to llx* base' 10) of tlx' (•<)rr('si)on<rmg ('xposures. BecMUse of 
1 he scab's us(‘d, lh('S(' characf ('list ie curve's are* some'time's re'fe'rre'el te) as tlu^ />-logio E 
e'urve's. One' re'asem fen- using a le)garil hadee se-ah' feer e'xi)e)sur(' is Ixxuuusei la rgee ranges 
e)f e'xpeesnre' vahx's are' e'ix'e>unle'ce'el, aixl this wieh' range' eeoidel iH>t hee e'.e)mpreesNixl eion- 
ve'i'ierel ly into a liiu'ar se'ale*. Hy pleetling the' elemsity against t hee le)garil.hm of the 
c:xpe)Hure, it is feeuixl that 1 he* e-haraederisf iei curvae heegins by’e*urving eipwn,rd frejin the 
zero-demsity axis. An approximatt'ly line'ar re'giou of the; curve tlu'ti usually fol- 
1<)^VR, espe'cially in the' e'nsc of ixegativee mate'rials. The e-urvc: finally dexTeiases in 
Hle)pe^ anel, afle'r rt'Jie'hing some mjixiimim vnhie', ge'ne'rally de'e're'asees in elemsity for 
e'xlremely large* value's e)f <'xpe)sure'. Tlx'se five> reegions are e“(*mmonly knowm, ivspee- 
tivcly, as (he' re'giou e)f ne) enxpe)surt' (AH), tlu' re'gie)n of uixlcr exposure {PC), the 
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region of correct exposure {CD) in which density is proportional to logio i(J, the region 
of overexposure (DE), and the region of reversal (EF), since in this last region density 
decreases rather than increases with increasing exposiire. 

In the case of many photographic materials, it has been found experimentally 
that a considerable portion of the H and D curve is represented satisfactorily, within 
the limits of experimental error, by a straight line. The linear relation between the 
logarithm of the exposure and the density is of utmost importance in the correc.t 
rendering of tone values in black-and-white photography and in the correct rendering 
of both tone and color in color photography. For the correct proportional rendering 
of the various object brightnesses in the negative, the camera exposure is usually 
adjusted so that the straight-line portion of the D-logio E curve, i.e., tlu^ region 
between C and D, is used. For the fulfillment of this condition the minimum density 



Fig. 17.—Typicial il-logui 


K or H and D characteristic curve for f)liot,OKraphic 
with important regions specified. 


inatcrinls, 


in the negative (corresponding to the deepest shadow in the object) must not b(' h'ss 
than that of point B, and the maximum negative; density (corr(;sp()n(ling to the higlu'st 
light in the object) must not exc;e<;d that of point E. 

Latitude .—Projection of the points C and D on the two rectangular axc's (k'tcrmiiK's 
the; range in density as well as the expo.sure range for whiedi line;a,rity he;(Ave;e;n elemsity 
and log E exists. The; exposure range fe>r whieh this litie;jirity eixists is ealle'el the 
latitude of the photographie; material. Thus latitueh' is ele>fine‘d te) be 


L — leegio E-i 


leg to El 


l.Wi,, 


(in le>g 

10 liJ uniis) 


(n>) 


(in (^xposuro unites) ( 17 ) 


^ Tiio liiioar portion of tho /J-Io^k, 
usually dosirod to hiivt^ tho opa^dty of 
usually ilenircTl (condition is that for 
eoiidition requirtbs that redid,ion b(dw<'(‘ 


PJ (Mirvo is (railed the roKiou of p<)rr<‘(*t expomiro boc-auso it in 
tla^ negative directly proportional to th(^ exposure. Thun Uh^ 
wliiidi () ~ kh\ Siiie(‘ I) “ .1 j b>Ji:io O, the usually d<‘Hir(‘d 
n density and (exposure be 


]) = A 4 - loRTo k -f lopfio E = H I- E 

which condition is fulfilled by tlie linear region of the H and D curve. 

Of course, it may soinetimea be desired to introduce certain forms of <listortiori inIduitionally in 
order to attain artistic or other desired effects. In this case, the straight-line portion would not ner 3 s- 
sarily represent the region of correct exposure. 
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The latitude of a photographic material is closely related to the maximum contrast 
which may be recorded on that material without distortion of tone rendering. For 
proper tone rendering the maximum contrast Cma* of a photographic material may be 
specified as the difference in densities between the extreme ends of the straight-line 
portion of the H and D curve. If is the maximum density corresponding to the 
point D on the straight portion and Di is the minimum density on the straight portion 
of the curve, the maximum contrast for correct tone rendition is 




= £>2 


Di 


(18) 


But jDa = A + T logio Fa, and Di = A y h^gio Fi. Consequently, tlie maximum 
contrast may be expressed in tt^rnis of the (^xposurtj range';, and latitude may bo 
expressed as 


Cjnax = T loglO Fa — 7 logKl Ei 

= yL 


y login 


Fa 

Fj. 


(19) 

( 20 ) 


whom L is expressed in login F units. In these equations, y is the slope of the straight- 
linc' portion of the F-logm F c^haracteristic. Attention should bo directed to the fact 
that, the L and y for a given photographic material depend upon the characteristics of 
material as well as its development. For a given photographic material y depends on 
development. The symbols C,„ax, F, and y refer only to the straight-line portion or 
linear regiori of the F-logm F curve; the extension and the application of these symbols 
to the curved portions of the (diuraeteristie is unwarrantcid. 

Gradient and Gamma .—The gradi(mt or slope of the H Jind D eluiraeteristic is 
another important factor iii apoiufying the eharaeduisties of photosensitive materials. 
The gradient of the F-logio F characteristic is defiruHl as the derivative 


(ID 

d (log 1(1 F) 


tan tc 


( 21 ) 


where, as usual, dl) mprcNsenls a diffi'n'ntml inerenuud. of (h'nsity, dflogto F) rei)r<\sents 
a. (lilTerent ial inererm'ut. of login F, and « repmscinl.s th<' angle Ixd.ween t he eharaeteu- 
istie curve* and t in* ahseissa. In geiu'ral th(* gradient is not. constant. At the extreme 
h'ft of tlie curve, the gnidic'nt may bcigin with a finite: v'alue, in the region of under- 
tixjxiHurc, but builds uji to a. niaximum value in t he region of c<)rr<*ct exposure repre¬ 
sented by the straight, lini*. B(“yond tiu^ point !) the sloiio (gra.dient) continually 
decr(*a.s('H in tlu* n'gion of ove're'xposun* until a.l t he* point F, mpn'sent.ing the nuixiimun 
<h*nsity t.o which tin* inat(*rial may Ix' proci'sscd, l.lx^ gradient is zK'ro. Beyond point 
F t he gradieuit is ix'gative* in (he rc:gi()n of rc:vcrsal. 

h’or tlu* Ht.raight.-linc portion of t.lx^ curve the; gra.dien(. of any single (dia.racl.e'ristie 
curvi* is constaid. and is usually dclincd in l.crius of (lx* augh* cx which t.lx^ line (G) 
nuikcs with the ahseissa. d'lu* slope of (his straight liix* is (h^signat.ed as 

(} “ Gd, =•-" i,. ~ tan (c 7 “ (xinslant (22) 

ddogio h) 


Since t lu* ri'gion hi'twccn D and C is constant, we may rephuu^ the differtmtials by 
finit.(' diffcnuices and write 


AD 

A log 11 , F 


(23) 


Tlius, if D-i arid Di are the density difference's corrcH|)onding to exposures of E-i and 
El (in meter-eandle-Heeonds), then so long as these two points Z<)i-logio Ei and Fa-logio 
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E 2 fall on. the straight-line portion of the curve, y can be calculated from the relation 

= - Pi) 

(logio — logio E\) 

= -Pa - 

logio Et/Ei 

Although y is given as the tangent of the angle <x, it should be realized that the true 
value of y cannot be determined by measuring (by means of a protractor, for example) 
the slope of the curve. The reason for this is that the choice of the scales in the 

graphical plot affects the slope of the curve as plotted but does not affect the relation 

between the corresponding density and exposure values. From this last relation we 
are able to calculate, for the straight-line portion of the curve, differences in density 
produced by exposure increments, when y is known. Thus 

AD = 7 (A logio E) = Da — Di = T^logio (26) 

Inertia .—The extension of the straight line DC to the axis of 0 density 
defines the inertia of the photographic material. The inertia i thus represents the 


3. 


c 
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Fio. 18 .—Family of /l-loj'io K (!urvo.s for difforoiit times of dovolopmont. Th(^ y oox'- 
respoiiding to the development time T is spciiifiod for each (mrvo. 

mininuiin exposure \vhi<ii ])ro<lu(U‘.s a deposit of silver, under tlu; assumption that the 
li and D cdiaracteristi(; is a straight line down to zero demsity. 

So far we have Ixu'ti (‘.onsichuiiig a single D-logio E curve which, for purposes of 
simplicity, has been sonunvluit idcuilized. IIowev(;r, it has already Ixeen numtioned 
that the particular H and D curve for a given material depends, not ordy on the 
photographic material itsedf, but also on the processing conditions. Furthermore, 
certain of the idealized conditions which have been implicitly assumed do not always 
occur in practice, and the deviation from the ideal ca.se requires further study. 

To .study the effects of nonidealized conditions and of processing on the character¬ 
istics of photographic sensitive materials, consider the family of H and D curves of 
Fig. 18. The.se curves represent a scries of 7>-logio E curves as might be obtained for 



(24) 

(25) 
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some practical photographic material. The region of reversal is not included in these 
curves, as it is of no practical importance. 

The various individual curves of the family of Fig. 18 have been plotted for varying 
times of development. The lowest curve is for a development time of 2 min., and the 
highest curve represents development time of 15 min. 

The finite density for very low values of exposure represents density due to 
development and other types of fog. It is at once apparent, as might be expected, 
that the fog density increases with the time of development. Although fog occurs in 
all practical cases (it may be relatively low for certain types of emulsions), fog does 
not contribute anything useful to the image but merely provides a deposit of silver 
uniformly over the surface. For this reason the curves often published by manu¬ 
facturers are “corrected for fog" by subtraeding the amount of fog density—assTimed 
‘ constant for all values of exposure—from the measured density at any specified 



19. Tiino-Kiiinma curvos for typical phot.oKrin)hi<! rnatorialH for two diffortsut values 

of <lovclopmont coastutil k. 

(‘xposurc: valu(\ ’’I'Ih* ('Ih'ct <»! ( hi.s fog corn'cl ion is to shift all the curveis somewhat 
low(ir on Ilu' dcnsily scale. l*’or siicli fog-(U)rr(!ct(Hl (du»,ra.eteristies tlu^ density indi- 
ea(.(ul by t-lu^ onlinnt iss is, not t h(\ jibsolutc' valu(i of density of tlu^ photographic: mate¬ 
rial, l)ut rather the (huisity due to t^xposure in oxtH^ss of th(^ fog chuisity. If the fog 
density is v('ry snuill, n.s in llu! casc^ of pro(•(^sH or Inn tern-slider materrials, tlur eorreeted 
and un(*orr<'ct<Ml family of (uirves may not difler n.p])r(r(ual)ly. 'riur dHTereuiee between 
curvnrs wliich n,r<‘ or mar not. (’ori'(r<*t('d for fog will Ixr much grtmierr, howerverr, in the case 
()/ many i)aiu“hn)matic inatcrinls whie-h haver inheuamtly grerater fe)g. 

tfiHid (Uti'Vi'ii. It will her .searn from l''ig. 18 that tlur iiuriaraser in gamma is 
iH)ta litx'ar functie)n of f lic de've'leipme'nt. timer, liisteaul 7 inenrasers fairly rapielly with 
fimer feu' low vailm'S eif d(‘\a*lopm<rrit time*, but as ther derva'lopme'ni. lime' imriarasers, 
ther incia'im'iif, in per unit of liiner eh'cn'ase's. IMlimatcIy, 1 her charnclerristic 
e'urve'M appreiach a dclhiiter valuer oi gamma, wlu'ii the* lime' eil de'verleipniernt is 
intiiiiterly lemg. d’lie' valuer eif the' nuixiauim graelie'iit, eir feir iaiiriite'ly lenig 

ele*verU)pine'nI. timer is kneiwn as “gnaima inlinit>'’’ aiiel is la'pre'se'iite*el by ther 
symbol 7 *. If wc' {ileit 7 againsl. the timer of ele've'lopme'ii(. 7',/, ther inaimerr in whierh 7 
inerreasers with deverleifiing timer will he'eremar meuar e'vieh'ul. 'Ther y~Ta curver eil Fig. 19 
shows this relatie^nship, from whierh it is evielernt that, as 7’,/ is prolemgerel, 7 appreiaclurs 
a limiting value which is dersignaterel 7 * a.nel eroinmemly speiken eil sis giunma 
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infinity. The value of gamma infinity is of considerable significance in l>oth the 
practical and theoretical aspects of sensitometry. 

The time-gamma curves are often useful in the processing of photographic matj<v 
rials. It has already been indicated that a desirable relation between the ch^iiaity of 
the silver deposit and the brightness of the image is attained for a value of gamma 
equal to unity. Therefore, if a time-gamma curve for a particular type of photo¬ 
sensitive material and developer is available, reference to the y-Ta curve will iudicsatc 
immediately the development time required to give this value of gamma. T’hi^ timo- 
gamma curves for the same photographic material for two values of k ace given in Fig. 
19. The ultimate value of gamma attained, however, y^, is shown as being t'he 
in both cases, although this is not always necessarily true. 

If development proceeds in accordance with a simple law of physical Ciheinistry, 
as it does for many materials, at least approximately, it can be shown that, theor<?tically, 
the time-gamma curve is related to the maximum value of gamma through tho 
equation 


T = T«(l - (27) 

where k = the constant of development; 
t = the time of development; 

y» = the maximum value of gamma to which the photographic material <*an 
developed. 

This equation holds for many types of materials, although thc^ validity of 
theoretical relationships in practice depends upon the degrcjo to whi<;h th<’! a (dual H 
and D curve conforms with the theoretical or ideal family of H and I) curv<‘H. 

From this last equation, the value of y^ can be determined if wc know t he vtdue of 
y which is obtained for a development time t, when development has been (uirric‘cl 
on with a developer whose development constant is k. Thus 

“ 1 _ g-Ji (2H) 

Often, however, the value of the development constant is not known w'ith Kuflit‘i(nif. 
precision to be useful in the above equation for the determination of gamma infinity. 
In such cases y„ may be determined from the measurements made on tw'o ilcnsitv 
strips, both of which have been processed together in the same solution, hut for difh'r- 
ent lengths of time. For these conditions, wo have, for the first aensitometri*’ strips 
processed for time h, 


Tl = 700(1 — C ^^1) 

and for the second strip developc^d for time Za, 

(29) 

72 == Too (I “ 

(30 i 

M 

If we process the second strip twice as long as the first strif), tiioii tvi 
equation for 72 becomes 

W 

~ 'Ztiy anti ( hi* 

72 = 7 oc(l = 7 «o[l 

Oomhining tliese two ec^iuitions for 71 <incl 72, w(^ obt^iiii 

(31 ) 

7 i 

(32) 


from which the development constant is found to be, 


4 = ' log. 

ti \Y2 — yij 


( 33 ) 
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Certain development characteristics of any particular photographic material may 
be deduced from the values of y and k. The following table is prepared from material 
on this subject by L. A. Jones. 


Table IV.— Effect of k and y on Negative 


k 

y 

Effect on development 

Effect on gamma 

High. 

High 

Starts quickly and proceeds at a 
high rate. Image may be built 
up to high contrast by con¬ 
tinued development 

-- - — - ——^ — - — 

Builds up to a high value (process 
plates typical example) 

High. 

Low 

Image flashes up quickly but does 
not build up to high densities 

Builds up quickly but soon ceases 
to increase. Reaches relatively 
low limiting value 

Low... 

High 

Development starts slowly, but 
by continued development high 
densities may be obtained 

Builds up gradually at low rate, 
but with extended development 
time high values of are obtained 

Low. 

Low 

Development starts slowly. Im¬ 
age does not build up to high 
contrast 

Increases at a relatively low rate 
which soon decreases, approach¬ 
ing low value as limiting factor. 
Further development does not 
increase contrast 


Time of Development for Required Gamma .—Sometimes it is required to know the 
development time to obtain a given valiu; of y . Providiul the development constant is 
known [or can be calculated from Eq. (33)], the development time can be determined 
from the equation 

T = Tao(l — == Too — 'yooC"** (34) 


Tw — y 






(35) 


Taking th(> nntural logarithm of bol h sides, dividing by k, and making all values posi¬ 
tive, we obtain 


t 



(36) 


It is therefore seen that th(' time of development (h'pends upon th(^ value of y to 
which the material is proeesscHl, as w(dl as upon the maximum valiui of y of the mate¬ 
rial. For purpose's of pri^paring tsddt^s showing n-lative s<msitometri<^ characteristics 
of i)hotographic materials, a value of gamma. cKpud to unity is arbitrarily chosen. 
The time of development to attain unity gamma, is ('xpressed symbolically as and 
is given by 


T 




(37) 


If is 1(588 than unity, this ('(pnition has no m<'a.aitig, as evidenced by the fact that 
will then be negative. 

Spectral Sensitivity of Photographic Materials.. No tiaiutnumt. of th(5 subj(5(;t of 

photograj)hic. sensit.oim!!ry would be (a>nq)lete without souu5 mc^ntion of tlui spiadral 
sensitivity of photograi>hic materials or tlui relat ive sensit ivdty to radiations of various 
colors or wavelengths and the nu^thods of determining spec^tral sensitivity. This is 
especially true since panchromatic materials have come into extensive use. The 
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recent introduction of practical forms of color films also makes desirable a treatment 
of spectral sensitivity of photographic materials. 

A knowledge of the way in which sensitivity of photographic materials is dis¬ 
tributed throughout the spectrum is of importance from the practical as well as the 
theoretical points of view. In monochrome photography the spectral sensitivity of 
the negative material completely governs the monochrome brightness of the colom 
in the original image, although filters may be used to modify spectral characteristics 
of the negative. The rendition of color in color photographic processes is d€?teriniried 
largely by the spectral sensitivity of the negative material. It is well known, for 
example, that in black-and-white photography fairly pure red, orange and yell<*w 
are rendered in about the same tone value as black with ordinary blue-sensitive njate- 
rials. In the case of some panchromatic materials which have been rendered very 
sensitive to the longer wavelengths of visible radiations, these same colors may be 
rendered as almost white. The correct rendering of colored objects on the hlack-to- 
white tone scale, which represents the entire discrimination gamut of the photographic 
process, is conditioned almost entirely by the spectral sensitivity of the matc^rial. 
It is evident, therefore, that a knowledge of the spectral sensitivity eharacteriHtic 
of photographic materials which determines responses such as are mentioned above, 
is of great importance wherever monochrome or color rendering of colorotl objeeta 
is to be considered. 

A brief outline of the historical development of the determination of spectral 
sensitivity is given by Jones. ^ 

Methods of Determining Color Response .—All the available methods uschI 
for determining the spectral sensitivity or color response of photographic materialH 
involve the isolation of more or less narrow spectral hands. These bands are then 
impressed on the photographic material under specified exposure conditions. The 
response produced when the photosensitive; material is exposed to these more or lens 
homogeneous radiations is then observed either qualitatively or quantitativ<*ly. For 
this observation a wide variety of spectral instruments has bo<>n devised. Kuitaliln 
instruments include monochromatic sensitornctews, sp(;ctrographs, tricolor tal>lctK, 
ratiometers, color charts, and filter assemblies. The methods for protliicing tho 
required spectral bands may be grouped into (1) dispewsiou ra,diation mcd luxls and 
(2) methods using filters and white light. The disp(;rsion mc'thods unike use of Konic 
suitable dispersion element such as a prism or gra.ting and may be roughly claHKifiod 
into two types, depending upon what proportion of the spectrum acts on th(‘ photo¬ 
graphic material at a given time. In one classification, only a narrow baud of 
spectrum is exposed to the photosensitive material, and the ty{>e t)f instruinimt used 
provide the necessary nari'ow band of radiant energy is a. monochromatic! H(!iiHitoin<‘t(*r. 
In the other classification, which may make use of a sp(!ctrograph, the entire viHiblo 
spectrum—or a fairly large part of the spectrum—may be u.s(!d in exposing tin' photo¬ 
graphic material. Since the method of operation is dilfer(!nt and siru'e tho r(!HuitH in 
these two cases are expressible in different ways, it so(!m.s dosinilile to give some 
brief consideration to these two dispersion m(!thods. 

Dispersion Method Using hi onochronuUic ,Se7isit(mieU’r.-~'[n tlu; diHp<!rHion imd luxl 

using a monodironiatic s(;usitoinet(!r, radiation ol high sp(!(‘tral purity. -mh oi)t<iin('d 

from a grating, prism, or double prism—is penuittml 1o exposi* the photograjibii- matro¬ 
nal for varying lengths of timi;, eorres{Jou<ling to varying exposures, "rinr time of 
exposure is varied by some suitable meehanism, a satisfaetory metliod Ixdng that in 
which a slotted sector disk provides varying exfxiHures whiiii it is rotated. A mono¬ 
chromatic sensitometer ofX'rating on this prineipli! and described by .Jones aixl Hand- 

1 Jones, L. A., “ Photosiaiihic, Sonsitoiuetry,” KaHtinjiu Kodak Co. (10;{4). 
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vikS makes use of a disk so cut as to produce 12 exposures, each of which is twice the 
duration of the preceding one. The total range of exposures is 2048 to 1 for a com¬ 
plete rotation of this disk. The absolute values of exposure are determined by the 
velocity with which the disk rotates and the intensity of the energy impinging upon 
the plate. The radiant energy acting upon the photographic plate is measured by 
means of a thermopile placed in the same plane as that of the material being exposed. 

Except for the radiation-dispersion system and the greater sensitivity and refine¬ 
ments necessary becaiise monochromatic rather than heterochromatic radiations 
are being measured, the monochromatic sensitometer is similar to the ordinary 
sensitometer; the exposed test strips obtained are similar to those of the ordinary type 
of sensitometer. The exposed strip is developed under standardized conditions, and 
the densities corresponding to the various exposure conditions are determined in the 
manner already described. Where it is necessary to study the effects of developing 
(ionditions, a series of strips is made under identical exposure conditions, but the 
conditions of development are altered as may be required. With a series of such 
strips, representing various conditions of exposure and development at any given 
monochromatic radiation, the characteristics of the photographic material for that 
radiation may be determined. By making other observations at different wave¬ 
lengths, the complete wavelength-exposure-density charaeriiristica of the material 
may be determined. The residts may be plotted in the usual manner as a family of 
/>-logio E characteristics or as gamma-development time curvets except for the manner 
in which the radiant energy of exposure is apecificul. 

Tn the ordinary methods of setusitornetry, exposun'; valiuis are given in terms of 
the meter-candle-second for a white light soxinau A white light sourcui has no signifi¬ 
cance in monochronmtic sensitornctry, so that some other unit of measurcunent is 
needed. The unit of exposure w'hich has been most widely adapted for this purpose is 
the erg. Siiu'c the photographic material integra.t(^s morc^ f)r less i)erf<H*.tly the energy 
which falls upon it over a period of time, it is lUMressary, of c.ours(^, to itu‘lud<^ tlu; time 
factor, and in expressing photograj)hic exposure in energy units it is necessary to 
multiply the rate at which energy falls upon the surfa.ee (radiant flux density) by the 
time during which the cxposiire ])crsists. hlxposure., tlunefore, unist he expressed in 
terms of ergs (or otlu-r suitnhk; energy ynits) pc'r unit arcui. 

The monochromatic sensitoinctric data may Ix^ ploit ixl in the usual manner except 
that curves for each mono(diromai.i(r ra.dintion will Ix^ ohl.nined inst<^a,d of a single set 
of data corresponding to white light ra<lia.tiou. If s(‘V('ral H and D curves are 
plotted for varying wavelengths of monoehromatic radiation, it will Ix'. found that th(^ 
/>-logu) E curves vary, d(q>en(ling upon the wavch'iigth at which measurements were 
chdermined. If families of /J>-l()gio E curves are available, t lx^ charaeteristies of the 
photographic material may lx‘ ploll.('d as a function of tht^ wavehmgtli of radiation. 
The curve of Thg. 20 shows the ga.mma, versus wa.velength plot for va,rying develop¬ 
ment conditions, wlu^nuis Fig. 21 shows a fa.mily of 11 a.nd I) (uirves, oru^ curve being 
deterrniiuxl for each of s(*vcral wav<dcugths of morioe.hromal.ic^ ra.din,tion. 

With a set of data availHl)le showing density and gamma as a funel ioii of exposure, 
developing conditions, and various Tn<)iu)ehr<)ma,tie ra.dia.l ions, it is possible to deter¬ 
mine the relative spectral sensitivity of the materia.1. S(vv(*ra,I possihhi methods are 
available for expressing spectral sensil ivity. W(^ might, for exani[)le, <'omi)ute spectral 
sensitivity in teiuns of the r(M‘ipr()<‘JtI inertia for various m()U()chr(>ma.tie radiation 
measurements in much the Ha.me way as s(uisitivity for a. vvhit<^ light sounx^ is spetufied 
in the H and D system. We might define spectral scuisitivity in (('rms of the energy 
required to give a 8pccifi(id value of density (say unity) for a, fixcxl tinui of development, 

• .JoNHja, L. A., aa<l O. Sandvik, Spectral DiHtribiitioii of S<aiKi(.ivity of I'liotoRraphics Materials, 
J, Optical Hoc. Am,, 12^ 401, 484 
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but the results in this case will not be directly comparable with those determined in 

the first instance. , ,, . ^ ^ i 

For theoretical purposes there is considerable argument for defining spcM-.trsl 

sensitivity in terms of the energy required to give a density of unity when development 



Fig. 20. —Typical curves showing the variation of y with the wavelength of light, for Iho 
development times indicated. The wavelengths of light are measured in milliiin<Toan. 



Fig. _i 1. Z)-logjo F? characteristics of typical negative material, measured at four differeiit; 
wavelengths, for identical processing conditions. In general the y increases with t.ho wuvc^- 
length, and this fact has important practical considerations in color photography. 

for all wavelengths is carried out to a gamma of unity. For practical purpoHi^n, 
however, it seems that the evaluation of spectral sensitivity in terms of a fixed ile^vcdop- 
ment time is rnore suitable, and, in order to discount somewhat the misleading effwis 
of gamma variation, it seems probable that the determination of the energy per unit 
area of the photosensitive material required to give a density of unity, for a fixed time 
of development, is most satisfactory as a mode of expressing spectral seiisiti vity. 
The most suitable development time is probably that which produces on a sousitom- 
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etric strip exposed to white light a gamma approximately equal to that at which the 
material is usually developed in practice. In Pig. 20 is shown a spectral-sensitivity 
curve determined in this manner. This is for high-speed panchromatic motion- 
picture film, the development time used being that which gives a gamma of 0.7 on a 
white-light sensitometric strip. 

“It should be borne in mind that the spectral sensitivity (surve, when plotted in 
accordance with the specifications given in this section, represents the characteristics 
of the photographic material itself, quite apart from any consideration of the energy 
distribution in the light source used.”i The curve of Fig. 20 shows the spectral 
sensitivity when used with a hypothetical light source emitting equal amounts of 
energy at all wavelengths, and corresponding, therefore, to ideal white light. If it is 
desired to determine the effective spectral response when used with some other light 
source in which the spectral-energy distribution deviated from this equal-energy 
distribution, it will be necessary to compute a new family of characteristic curves 
showing the effective spectral sensitivity of the photographic material when used with 
the desired light source. These effective spectral sensitivity curves may be computed 



al)8olut,e film characteristics, but relates them to the liKht sourcic employed in making the 
measurements. 

from the spectral sensitivity for curvtis of an id(!a.l whit(i light source and the (uirv<^ 
of spectral-energy distribution of the tight sonr<Hi actually us<Mi. Th<^ method of 
determining specvtral sensitivity by means of mono(diromatic sensitometers, although 
precise, is tedious and time consuming. 

IXspersion Methods Using Wedges vnlh /Spectroscopes .—More rapid, although h^ss 
a<;curate, methods of determining the relative! si)ecl,ral response charaeteristic.s of 
photographic materials have been devised in whic.h a spcictrum, such as that from a 
prism or grating, is p(!rmitt(!d to fall on a film afttir having juissed t hrough a neutral 
derisity w(!dge of (ionstatit gradient, ddu! wedge is so plac(!(l with respc(!t to the 
spectruiti that it attc!nuateH all portions of th(! sp(!ctrum e<iua,lly well. This is accom¬ 
plished by spreading out the sp(!ctrum in on<! <lirection and by placing the wedge so 
that its density (•onU)urs are perp(!ndi(!ular to th<! wav(!l(!ngth s<!ale. Figure 22 
shows the essential (!lem(!nts in such a wedg<! sp(!(!trogram m(!thod of determining the 
spectral characteristi(!H of enudsions. 

The wedge spcittrogram method has t.li(! adva.ntag(! of speed and simplicity 
and gives in graphic form good indications of the relative spectral sensitivity of 
the photographic material. A typical wc!dge 8p(!(!trogram is shown in Fig. 23, 

* Jon BIS, L* A., I^hotograpluc fcieuHit omotry,” Enutinun Koduk (1934), 
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from which it will be seen that the transition edges are not sharply defined- By mak¬ 
ing a series of successive positive and negative prints of the original wedge spectro¬ 
gram using photographic materials and developers producing high contrast, it is 
possible to sharpen this edge to obtain a negative or positive in which this ec g(' is 
rather clearly defined. This procedure is seldom used, however, for it is customary 
to inspect the results directly from the original wedge spectrogram, determining fmm 
this visual inspection the relative sensitivity at various wavelengths. In the original 
wedge spectrogram, the relative sensitivity will be indicated by the amount of silver 
deposit and the extent of blackening of the negative; the examples shown are prints 
made from original wedge-spectrogram negatives. 

It should be noted that the results obtained in this case represent, not only^ the 
spectral-sensitivity characteristics of the photographic material, but the comliinetl 
results of the photographic sensitivity and the spectral-energy distribution of the light, 
source. Thus, the wedge spectrogram represents the spectral p'hoticity of the mate¬ 
rial for the given light source and provides curves which are at variance with thoHo 
which may be obtained by methods using monochromatic sensitonxeters. 



Fig. 23.—Typical wedge spectrogram for panchromatic material. 


The wedge used over the slit in Fig. 22 has a linear and constant density gradient, 
and therefore the distribution of radiation along the slit increasi's logaritlimii-Hlly 
from one end of the slit to the other. The resultant envelope curves are thus logarith¬ 
mic in form and cannot be compared direid.ly with tlie curve's ohtaiiu'd by mono¬ 
chromatic sensitometric methods. It should also be ki^pt in mind t hat, if t lie wi'ilge 
is not completely a neutral gray over the range of wavi^lengths for which ilu' light 
source produces radiations and the photographic material is sensitive, then the ov<*r- 
all wedge spectrograms will be affected by the selective absorption of the wi'ilgi*. For 
wavelengths below about 450 myu wedges have appreeialile selective absorpt ion, so t lmt 
the apparent decrease in sensitivity of photographic materials at the short visilde 
wavelengths is partly due to selective absorption of the wedge. 

Stepped wedges, rather than constant-gradient wedges, have also been usi'd and 
have been found to be useful where it is desired to make density measurenien ts diri'ct ly 
from such spectrograms. If the wedge is removed completely, the density of t he 
silver deposit will give an indication of the spectral sensitivity of the photogrni>hic 
material when used with the given light source. In this case, measurenien ts of tlu^ 
amount of silver deposit at various wavelengths by means of a microdenMitometer 
enable spectral-photicity curves to be obtained. 

Selective Absorption Methods .—The spectral sensitivity of a photographic^ nuilc'rial 
as determined by the methods of monochromatic sensitometry and by (he usual 
spectrographie technique is most conveniently and almost nc'cessarily c'xiirc'HMed 
graphically, the usual mode being a curve showing sensitivity as a fumdlon of wave 
length. It is almost impossible to express the information relative to the spectral 
sensitivity as derived by these methods in brief numerical terms. It is frecpiently 
desirable to sacrifice some of the precision of the methods already discussiid for h'ss 
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precise methods in order to obtain a more simple specification expressible in a few 
numerical terms of the spectral sensitivity of the photographic material. A common 
numerical method of specifying the color sensitivity makes use of the relative sensitiv¬ 
ity of the photographic material to a fairly wide range of wavelengths in a given region 
of the visible spectnim. In order to isolate the desired regions of the spectrum, selec¬ 
tive filters are commonly employed. 

Probably the most widely \isod and the most useful method of this type involves the 
use of three filters having such selective absorption characteristics as to divide the 
spectrum into three broad bands, each having approximately the same range of wave¬ 
lengths. In the ideal case a set of tricolor filters for this type of work might have 
(complete transmission between the ranges of 400 to 500 m/x, 500 to 600 m/*, and 600 to 
700 mM, respectively, with very sharp cutoffs and complete absorption outside the 
three transmission ranges. Such filters would not diminish the intensity of the light 
in their transmission band because of the ideal transmission characteristics which 
have been assumed. By exposing four test strips of a given photographic material 
to a given light source properly, a tricolor specification for the spectral photicity of the 
photographic material may be obtained. In order to do this, one of the test strips 
should be exposed through each of the three tricolor filters, while the fourth strip 
should be exposed directly to the light source without the use of any filter. The test 
strips are processed in the usual manner, and the density of silver deposit on the four 
strips is determined. The test strip for which no filter was provided will be the 
densest, since all the spectral energy of the light source fell upon it. Let the density 
of this test strip be Do. I^et the density of the test strips be D\, D-z, and Ds, for the 
green, blue, and red filters wliosc transmission liands are 400 to 500 mg, 500 to 600 mg, 
and 600 to 700 rng, rcsspectively. Then the tricolor sensitivity of the photographic 
inatcii-ial (when used with the given light source) may be detcirmined as follows: 


% 


Dt 

Do 

Dz 

Do 

D, 

IK 




(38) 

(39) 

(40) 


In practice, of course, such ideal filters as have been assumed do not exist and do 
not transmit, unabsorbc^d all wavelengths in their transmission bands. Ikicause of thci 
nbsoriition in tlu^ transmission ha.nd, it is necessary to midtiply the ideal factors or 
8cnsit,ivit,i<^s, as given above, by multiplying factors A'l, K-z, and AT;) (each less than 
unity), which factors ntpri^sent the mean transmission of tlm practical filter in the 
transmission rctgion. 

A typical set of filters for tricolor work, such as might be used for distermining the 
tricolor K('nsilivil,y <>f ph(>togra{)hie mahulals, arc^ the Wratten No. 25, Wratten 
No. 58, and Wrattcu) No. 49 filtcirs. Th<‘ approximate fa<d(>rs for these filters are, 
resp<'(‘liv('ly, I\\ = 0.8, K-z = 0.3, and Kn — 0.15. ()ons(uin<ud,ly, if these filters are 
used with t-lu* four t(‘st strips to give a speiufieation of tlu' trictolor sensitivity of photo¬ 
graphic' materials usckI witli a givcui light sources, the scnsitivitic^s may be expre^ssed as 

(41) 
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Here, as with, the case of the spectral sensitivity determined by means of 
spectrograph, the results obtained are the spectral photicity of the materi: 
relative sensitivity evaluated according to the light source used in the meiaui 
rather than the absolute sensitivity of the photographic material. Hov% 
ordinarily the spectral photicity, rather than the absolute spectral sensit.i 
material, which is of greater practical importance. 

The method of determining the tricolor sensitivity of a photograplxi 
through the use of three filters which divide the spectrum into three apj> ; 
equal broad bands may be extended, if desired, so that the spectral respotx 
than three points may be determined. The procedure is the same as tlx 
outlined, except that more filters (usually “monochromatic” filters) ai 
determine the relative response at various wavelengths. Comparison wi1 
strip for which no filter was used will enable the relative sensitiyity to be c 3 
for the wavelength band which the filter transmits. The results obtain 
manner can be expressed numerically, but the method becomes laborious 
consuming and is not very precise. 

A similar method of determining the relative spectral-response charac 
photographic materials is available through the use of progressive cut fil-b 
may be used to isolate various regions of the spectrum for the determiniut 
relative spectral response in the transmission range. The disadvantages of tr 
are similar to those enumerated above. This method has been used whet' 
chromatic spectrophotometer or a wedge spectrograph is not available bvi b 
has little practical use. 

Speed or Sensitivity. —By speed or sensitivity of a photosensitive mater i4 
the amount of radiant energy required to produce a stipulated density - 
difference. It has already been mentioned that the characteristics of the it 
curve depend to a marked extent upon the processing to which the photogr^n 
rial is subjected. For the complete specification of the H and D charactot: 
photographic material, a family of Z>-logio E curves is required. Thoi“ 
evident that no single numeric or “figxire of merit” can completely and ix 
specify the characteristics of the material. Nevertheless, several different i i 
expressing sensitivity or speed by means of a single quantity have been devc 
are more or less widely used in this country as well as in Kurope. Becji, 
fact that the true speed and sensitivity of the material depends upon the prexi 
because the processing conditions in actual use frequently differ widely froii: 
which the speed determinations were made, the absolute values of film 
little significance. Relative speeds, as determined by the same nuiniil*}!. 
different types of emulsions of his manufacture, have somewhat greater 
Speed ratings of one manufactiirer may not be comparable with those of atic 

It should be pointed put that the comparison of various types of plic 
sensitive materials on a basis of speed or sensitivity is a problem which ii 
difficult but which has not yet been completely and satisfactorily solved . 
methods of determining speed or sensitivity of photosensitive materials aro 
and each system has its advantages and shortcomings. In most of the 
speed rating is affected by conditions of processing, and this introduces coxit i 
of a practical nature, tending to mitigate against too wide dissemination 
ratings by manufacturers who find themselves in a competitive field, Beoix 
lack of any generally accepted and recognized standai:d of speed, inanufixc": 
sometimes reluctant to give speed ratings of their photographic materials. ] 
the various methods of rating speed do not give comparable results, aii' 
reason, the tables of film speeds which are published should be regarded 
qualitative and approximate. 
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Several methods for assigning to every kind of emulsion an arbitrary number to 
serve as*an index of its relative speed have been devised. In each system the number 
increases with the speed or sensitivity of the emulsion, but the different systems are 
rather inconsistent and do jiot produce results which are comparable with one another 
because of the different speed criteria used. The most widely used systems for deter¬ 
mining sensitivity of emulsions are based on: 

1. The threshold speed, which was the earliest method of specifying film or plate 
characteristics. 

2. Inertia speed, a later method introduced by Hurter and Driffield. 

3. Latitude-inertia speed, which is coming more and more into common use. 

4. Minimum useful gradient speed. 



Flo. 24.—D-logio E (iharactoriatif. and the exposnro vsiluos from which a number of well- 
known speed systems are determined. This curve is used only for pur|)oses of illustration 
and does not represent the characteristic of any particuilar material. 

Threshold-speed Itatings .—In methods of scuisitonud ry wltich do not involve the 
imnusurerJUMit of the (((uisities of the developiul strip, the only iK)SHihl(' ln(^}lns of <kd,<u- 
inining sixmhI is to not(^ the ('xi)osure rcciuirtMl to iiroduce a density which is just 
povceptibUu Actually fog density is always prestuit (o a gr<nit<u' or Icsst^r extent aiul 
will contribute to the miniimim pereeptibU^ (hmsity, so t hat w'hnt is usually detcu'miiu'd 
is th(‘ niinimum perceptible density dilTenmee (hn^ to exi)osure arid fog. A further 
rlisadvantage of t his method is t luit t he minimum perciejitible density depends great ly 
upen the eonditions uiuhu- which inspection is made. Clonsctpiently, unhws tin? 
density determinations are made: under tairefully controlled and sttimlardized .roiuli- 
t ions, the values of threshold spetal obtained by different observer’s, from the same t('st 
strip, may differ widely. 

The (Mirliest riH't.hod of determining the sensitivity or sjieed of photographic mate¬ 
rials made use of the threshold sensitivity. By threshold sensitivity is meant the 
niinimum exposure whicdi will result in a deteetahle deposit of silver, as representiid by 
the exposure Es in Kig. 24. 'Phis method is based on the assumption that an ('inulsion 
having a low threshold exposure will be:: a r<':latively fast emulsion. TIk; most familiar 
speed rat ings based upon the thresiiold speed are the SeluMiier ratings, tfu^ Kder-Heelit 
speeds, and the DIN numhers, of which the latter is a modification of the thresbohi- 
speed method. 
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The Scheiner ratings are derived from the Scheiner type of sensitometer which 
employs a sector wheel having a continuously graded, rather than a stepped, exposure 
variation. The aperture of the original Scheiner sensitometer was bounded by a 
continuous logarithmic curve arranged so that the maximum aperture was 100 times 
as large as the minimum. A linear scale, divided from 1 to 20 in equally spaced 
units, was placed along the slot aperture, so that the 20 sensitometric steps corre¬ 
sponded to a sensitivity or speed range of 100 to 1. This scale was placed between 
the rotating sector of the sensitometer and the photosensitive material, so that the 
images of reference cross lines, together with the Scheiner numbers, appeared on the 
plate after exposure and development of the sensitometric strip. Because of this 
arrangement the Scheiner speed scale consists of numbers in arithmetic progression 
from 1 to 20, corresponding to a speed or sensitivity range of from 1 to 100. In the 
Scheiner type of sensitometer the larger numbers represent denser deposits of silver 
produced during exposure. The speed or sensitivity of the material was expressed 
by the densest line or number which could be read. The relative sensitivity given 
by any specified number in the Scheiner rating is 1.27 times as great as the sensitivity 
represented by the next lower number in the Scheiner scale. 

The Austrian Eder-Hecht speed is similar to the German Scheiner rating in that an 
arithmetic progression of the speed numbers represents a geometric progression of 
relative sensitivity or speed. The Eder-Hecht sensitometer consists of a continuously 
graduated density wedge, behind which the photosensitive material is placed for an 
exposure of specified intensity and duration. Across this wedge, lines representing 
density contours are ruled. The lines are numbered so that the greatest density of 
the Eder-Hecht wedge is represented by the largest numbers. The density gradient 
of the Eder-Hecht wedge is stated by Jones to be 0.4 density units pt^r centimeter but 
the tablets are not very precise and discrepancies between wedge calibration is fre¬ 
quent. If it is assumed that the wedge has a uniform density gradient, an arithnuhtc 
progression of speed numbers represents a geometric progression of relative sensitivity 
or speed. In this respect, at least, the Scheiner and Eder-Hecht ratings are similar. 
However, the actual numbers used to designate the sensitivity of a particular film in 
the two systems are considerably at variance. 

Although the method of sensitometry which makes use of the minimum detectable 
deposit of density is simple and requires no sensitometric, measuring equipiiumt, the 
system is not a very satisfactory one and has several inherent and sc>rious disadvan¬ 
tages. The main objection to this system is that it is diflicult to determine the 
exposure for which a “just detectable” density is produced. J^lven if it werci not 
difficult to determine minimum detectable density, the shape of the /.)-logio A’tnirve is 
such that the point Ea of Fig. 24 cannot be determined ac.cairately. Furtluu-inore the 
speed rating is determined from the characteristics of the /)-logu) E cnrv<^ at, i.lu' foot 
of the curve corresponding to underexposure. The ratings based on minimum 
detectable density differences consequently do not give any information for t he region 
of correct exposure, nor do they give any information relating to the extrenu^ ui)per 
portions of the H and D curve. It is perfectly possible, therefore, that the minimum 
detectable density may be due to fog rather than intentional exposure. It is also 
possible for two emtdsions having widely varying Z>-logio E curves to produce fog 
density at the same minimum exposure. Thus, whereas the two films might. V)ear the 
same Scheiner or Eder-Hecht ratings, their Z)-logio E characteristics could easily b(^ 
quite dissimilar. The Scheiner rating system has found extensive ust;, especially in 
Europe, despite its obvious disadvantages. 

A modification of the threshold-sensitivity method which overcomes the difficulty 
of determining the minimum detectable density is the Deutsche Industrial Normal 
rating system. This is usvially referred to as the DIN system. According to the 
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OIN system, the reference value adopted is the exposure required to produce a density 
of 0.1, i.e., an opacity of 1.26 or a transmission of 0.79, represented by the point Ed on 
the curve of Fig. 24 when the test strip is subjected to a specihc development pro¬ 
cedure. This criterion obviates the first objection to the Scheiner and Eder-Hecht 
systems, since it determines the index from a precise, definitely specified and measured 
density rather than from an estimation of barely perceptible fogging. In practice the 
emulsion is exposed through a step wedge, which is a plate in which successive steps 
differ in density by a constant amount. The various steps are numbered, and the 
number corresponding to the step which produces a density of 0.1 is the DIN number. 
Like the Scheiner and Eder-Hecht systems, however, the DIN system ignores the 
general form of the D-logio E curve. The DIN rating is based upon data taken in the 
region of underexposure. The speed numbers are determined through the use of 
<leveloping technique which gives t|ie greatest film sensitivity. 

I'neTtia-speed Ratings. A considerable improvement over the threshold sensi¬ 
tivity of specifying emulsion speed was made by Hurter and Driffield, who suggested 
that the speed of a photographic material could be specified satisfactorily in terms of 
its inertia. 1 hus they adopted as their criterion of speed the exposure indicated by 
the extension of the straight-line portion of the D-log E curve to the axis of zero den- 
sity, the corresponding exposure being the inertia of the photosensitive material. 
By so doing, they took into account the shape of the H and D curve in the region of 
correct exposure. The exposure Bh of Fig. 24, corresponding to the extension of the 
linear portion of the Il-log E curve to the exposure axis, is called the “inertia'' of the 
emulsion, and tlu? inertia value is frequently referred to as i. Hurter and Driffield 
proposed to specify t he speed or sensitivity S by the relation 

S-i (44) 

wher(^ i = ( he inertia of 1 lu^ photographic material Eh', 
k = an arbitrarily dt'teriniiUMl constant. 

Hurf,er and Driffield originally chose the value 34 for k since, at the time they made 
their reH('a,rches, this figure gave speed values for practical materials which were 
comenient in magnitude. However, other values for k have been used, the number 
10 bf'ing in <iouimon use. 

Hurter and Drifheld usetl the inertia as a measure of film speed since they took this 
points to he indicative of the beginning of the region of correct exposure and proper 
tone rendition. d’h(‘ H and D speed rating is, therefore, a system of numbers pro¬ 
portional to the iru'i-tia values through the factor k. An essential difference between 
the I lurtcr and Driffield Hystein and the methods based on threshold speeds is that the 
inertia, is detcrmiiu'd from measurements at several points on the curve, while in thes 
threshold or one-tenth-<h'nsity systfMUS, sensitivity is determined from a single observa¬ 
tion. In this respect the M and system is the more rational proced\iro since the 
Scheiner, Eder-lh'cht, and DIN systems ignore the linear portion of the curve. 
However, the H and D systnm givers no indication of the latitude or (ixposure range of 
the phot.ographic ma,l(‘rial. 

Figun' 25 shows how two cuuulsions could have tlie sa.me threshold l>ut different 
inertia. 'L'lius, according to the Scheiner system, botli woidd have the same speed, 
while, according to the II and D system, one emulsion would be juiuch faster than 
the other. On t he otlu'r hand, the H and D system ignores completely the foot of 
the curve. However, there are times when it is desiralih' to permit a portion of the 
image to extend into this region. In the H and D system the relation of speed to 
index number is linear, while in t he kSchoiner system it is not. Thus, 26° Scheiner 



194 


HANDBOOK OP PHOTOGRAPHY 


indicates a speed twice that of the 23° Scheiner, while 1300 H and D is twice as fast as 
650 H and D. 

The Watkins speed scale, like the H and D, is based on the inertia of the photo¬ 
graphic material but uses for k the number 68 
instead of 34 chosen by Hurter and Driffield 
or the value 10 frequently used in the United 
States. However, L. A. Jones (“Photographic 
Sensitometry ”) reports that the Watkins con¬ 
stant, as determined from measurements on 
emulsions, is more nearly 50 than 68. 

The Wynne system is another one of 
several in which plate speed is specified in 
terms of inertia and differs from the others in 
the units selected for the specification of film 
or plate speed. The numbers of the Wynne 
system are expressed in terms of lens apertur<', 
as indicated by the symbol F which precedcH 
the Wynne speed number. The Wynnes 
ratings are proportional to the square root of 
the Watkins number multiplied by 6.4. ThvxH 
a Watkins speed of 64 corresponds to a Wynne' 
speed of 51.2. 



Fig. 25.—D-logio E curves showing 
that two emulsions might have the same 
threshold speed (as determined by the 
point at which their curves reach the 
abscissa) but quite different inertia 
values. The differences are due -to the 
curvature of the toe of the curves. 


For many purposes and under many conditions, the expression of speed in terniH of 
inertia is of great value. As long as all the straight-line portions of a family of 
Z)-logio E curves pass through a common intersection point which lies on the logio ft’ 
axis, inertia and hence speed are independent of development time. Under 



Fig. 26.' ^-logm E curves with depressed common intersection {mint, illustratiiiK 
that the inertia speed of a film may de{)end upon the degree of development which it 
receives. 


conditions the speed becomes a very significant constant, for the photograjihic matiudnl. 
Unfortunately, the (existence of a common intersection point lying upon the logio I*' 
axis is frequently not toiind in prac.tic<‘. In most cases of normal devidopiiumt n 
common intersection point is found, provided that proper corrections have been 
for fog. This intersection point very frequently lies below the logio E axis and in 
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relatively rare cases is located above that axis. Assuming for the moment that a 
common intersection point does exist, its coordinates may be represented by a and h as 
shown in Fig. 26, and it has been proposed to define the speed of the material in terms 
of the coordinates of this point. Under such conditions it is evident that the inertia is 
a function of gamma, and hence speed based upon inertia value will become a function 
of gamma. A speed value of this nature can only be significant provided the corre¬ 
sponding gamma value is specified. For the purpose of certain theoretical investiga¬ 
tions into the nature of exposure and development, a knowledge of the coordinates 
of the intersection point, as shown in Fig. 26, may be of great value, but it does not 
appear to be very significant for the purpose of determining the practical speeds. 

Another difficulty with this method of specifying emulsion speeds is that some 
photographic materials do not have a common point of intersection for the various 
D-logio E curves, and some materials—especially some positive printing papers—do 
not have a very satisfactory straight-line relation between density and the logarithm 
of the exposure. There is also a wide divergence in the relative shape of the curve 
in the region of underexposure. 

Latitude-inertia Method of Speed Determination. —A modification of the inertia- 
speed ratings, which is in reality another method of rating film speed, is the method 
in which the speed is specified in terms of the inertm as well as the latitude of the 
emulsion. '• 

In the Weston system of film-speed rating, which has found wide acceptance in the 
United States, the speed is determined from the D-logio i© characteristic of the film, 
processed to the value of gamma most frequently encoimtered in practice for that 
particular type of film. As shown in Fig. 24, the Weston film-speed number S is given 
by 

S (45) 

JllW 


where login Ev,, determined from t.he characteristic (iurve, is chosen to be numerically 
equal to the gamma of the curve, t.c., logm Ew = y- 

Minimum Useful Gradient Speed. —Another method of sp(Hufying speed or sensi¬ 
tivity is based on some minimum useful gradientor slope of the /.i-logm E characteristic; 
iuirve. Wlien it is considercsd that the chu;f functions of a photographic negatives 
mat(*rial as \ised in practice is to reproduce as density differen(;es the brightness differ¬ 
ences existing in the object photographed, it seems logic;al to demand that the mini- 
mu m useful expoHVire be determined by some specified gradient of the Z>-logio Fd 
characteristic. 

A system has been suggested that allows for the actual usefulness of the upper 
pert of the region of strict under<;xpoaure as tlie W(;ston system does not and 
the H and D does only accidentally—but allowing for it in a manner that avoids the 
dangers of t.lu; Scheiner and DIN systcius. In this I'ealistic approach to the problem 
of speed rating, the measure of sufficient exposure would be tliat exposure for which 
the rate of increa,s(‘ r)f density with increasing login E first reaches a c('.rtain fraction 
of the rat<; found in the linear portion. This fraction would b(; the fraction of th<; 
proper contrast shown in th<; (st richly und<ir(‘xposed) dcuqxist shadows, in an otlu^rwise 
p(;rfect negative; exposed to tlie predetermined minimum usedul gradient. 

'Fhe difficulty with such a systcun is in the matter of dtauding upon the value' whicdi 
is to be taken as represemting the; minimum useful gradi(;nt.. According to Sh(;ppard, 
the minimum useful gradient will in general dc;pend not only upon the negative but 
also upon the positive aspect of tone reproduction, so that its fixation is not expressible 
by a unique function of the negative material itself. 
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Nevertheless, the Eastman Kodak Co. has recently adopted a method of film- 
speed rating based on minimum useful gradient. ‘ This method invoiyea drawing the 

characteristic curve, and selecting the exposures at which the b ope (or gnu lent) o 
the curves is 0.3 that of the average gradient for a log exposure range of l.o, the origin 
of this exposure range being taken at the threshold value. 

Comparison of Speed Ratings in Common Use. Before closing the su ijt-ct. of t u 
speed or sensitivity ratings of photographic materials, it may be well to c ompare t h<‘ 
ratings of the various methods in common use. Such a comparison bcdwecm ratingH 
based on various modes of determining speed has no justification, froni f.hc‘oretitml 
considerations. But intercomparisons of the various film-spc^ed ratings has sonu^ 
practical utility, in these days of elaborate exposure meters, when the film spcsecl i.s 
given in one mode of rating and the exposure-determining devic;e is basc'd on some*- 
other system. The practical photographer is then faced with the problem of cletor- 
mining the method of transposing from one system to another. 

Appendix B gives the comparative ratings of the more important film-spcMMl ritl/- 
ings in use at the present time. The data in this table may be considctrcMl to reprt‘.H<^iil. 
average conditions fairly well. The characteristics of some particular emulsion in 
question may be such as to prohibit use of this Appendix B for comparisons with any 
degree of precision. Consequently, for any specific situation, the translation from 
one speed rating to another can be used only as a rough approximation or as a guidci to 
the correct order of magnitude. 

Some Practical Applications of Sensitometry.—In its siaentifie aspects, photo¬ 
graphic sensitometry is of considerably more importance to the manufatUurer of photo¬ 
graphic materials, the motion-picture laboratory technician, the astronomer, the 
physicist, the color engraver, and the advanced worker in <a>lor pliotography t han to 
the commercial or amateur photographer. Yet even the least scientifically inclincul 
photographer makes some use of sensitometric principles when lu' makers a successful 
negative or print, and a complete understanding of the significance and tc'chniqin* of 
sensitometry will aid in making better photographs. It is the pnri)()sc‘ of 1 his stnUion 
to discuss some of the more practical aspects of sensitometry and the ai>pli<*ation of 
sensitometric concepts to the making of photographs having i)roi)(‘r monochrome 
rendition of tone. 

Characteristics of Negatives .—It has been shown tha t th(' />-logio N charactcrist ie 
is one of the most important in specifying the stiniulua-resi)<)nH(^ n'hition of pholcj- 
graphic materials, especially if we limit onrsc^lvcs to a discMission of monochrotm' 
photography. This characteristic may be used in a qualitative' sort of way, to <h'tt‘.et 
defects in exposure or processing of negative materials. The nn'lluxls for so doing 
may be applied by anyone who has a proper understanding of t he philoHt)j)hica.l signifi¬ 
cance of photographic sensitometry, even thoxigh he does riot possc'sH measuring 
equipment. 

In exposing a negative, the relation between the hrightru'ss of the original subjcM't 
being photographed and the brightness of the film when vi(^w('(l l)y trarismitl('d light 
has been reversed; it is for this reason that the film is calh'd a lU'gat iv(u 'riic bright <'r 
the original subject, the darker (the more dense) will h(' t,h(' rc'sulting negative, for t ln> 
same time ot exposure. Similarly, the l)right.(n' portions of t lu' sul>j(‘(q will show up on 
the negative as denser or inorti opucpie portions in tln^ repres('n I at ion of the originul 
subject. There is consequently some sort of eomispoinhmcK' l)('t vvi><'n t in' bright oc's-s of 
the elementary areasof the original subject and the o[>u(dtiesof t In'<-<)rn^HpoiHling art'as 
as seen in the negative. In order that the (negative may portray propt'rly the origitinl 
subject, it is necessary that the brightiu'.ss of theelennuitary anuis of the original subjeet 
be directly proportional to the opacity of the (^orn^spotnling ('lenu'nlary art'as as 

1 Clark, Walter, The Problem of Film Speeda, Photo Technique, 1, 12 (1939). 
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photographed on the negative. If we designate by the brightness of the brightest 
part of the original image and by Bi the brightness of the darkest elementary area of 
t'aa original image and if we designate the opacities of the corresponding elementary 
areas by O 2 and 0i and the transmission by T* and Ti, respectively, then we requiro 
that the condition of proper photographic reproduction be such that 

B 2 = AO, = 4- 

I 2 

and 

Bi = AOy = ~ (47) 


where .A is a proportionality constant. The brightness range of the original sdbject is 
aR = B, — Ri, and the opacity range of the corresponding subject as photographed as 
AO = AO, — AO\. Therefore, the relation between the brightness range of the 
original image and the image as photographs is such that 

^B = A (AO) (48) 


These relations show that for accurate rendition of tone values in monochrome, the 
brightness and the brightness range of the original image must be rendered on the 


negative as proportional opacities and opacity 
ranges, respectively. 

If we plot a curve of the brightness and opac¬ 
ity of the original and photographed images oiv 
rectangular coordinates, as in Fig. 27, we obtain 
a straight line for the region of correct exposure. 
But the luightness of the original image deter- 
miiu?s the exposure which is given to the photo¬ 
graphic material so that we might, if we chose, 
plot Fig. 27 with exposure as the abscissas rather 



than the brighttiess. We would then have a 27.- Opacity of negative 


graph showing a straight-line relationship l)etween 
the (exposure of tlu' original image and the opacity 
of the photogra{)li<'d imagen 

Let us go one stei) farther and, instead of 


material as a fuiHUiou of the bright¬ 
ness of the subject being' photo¬ 
graphed. The curve greatly re¬ 
sembles the typical /)-logio A’ 
characteristic. 


plotting tlu* exf)osur<^ and the opacity, plot the 

logarithms of tlu'.se valiums on cross-sc'ction paper. The nvsultant graph would then 
have as its ordinates logm 0, whie.h by definition is the density, and would have 
as its abscissas logi,, K. We find that this new plot is, couseciuently, merely the 


straight-lir»(^ portiotj of tlu^ H atul I) eharae.teristu^, and we may immediately draw th(^ 
<‘()nelusion that for propcu'ly r(^tul<wing tone va.lues the exposure and density relations 
must be such tlint tlu^ (sitire image is photographed on the straight-line portion ot the 


H and I) curva*. 

If tlu^ <*XI)osur(^ is so (•hos(>n that all tlu^ briglitness range of tlu*, origiiud subject 
does not fall upon (lu* s(,ra.ight-line portion of the curve, some distortion of tone 
values will ocinir. If too small an exposure^ is givmi, tlu^ h^ss bright portions ot tlu^ 
original iiiuigci may l>e eoiuprcssed in the density range nujuirod tor acaairate reproduc¬ 
tion. 'I'his eoiulitioa will be apparent to the photographer by the fact that the detail 
is lacking in t he shadows of the original subject (the less dense portions of the nega¬ 
tive). On (tu! ot her hand, if too great an (ixposun^ is given, tlu*. briglitest i,)orti(jns ot 
the original sul)j(‘et may not be rc'pn^sented on ttu* negative; by tlufir true proportional 
difference's in elensity. In this e-ase*, the* practiced jeheetogreiplu'r makers use e)f sensi- 
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tometric concepts by saying that the high lights of the original image (the most denso 
portions of the negative) lack detail. But if the exposure is correctly chosen and if th© 
brightness range of the original subject is such that the entire brightness range can b© 
photographed on the linear or portion of the D-logio E characteristic, then all tones of 
the original image will be proportional to the density of the corresponding photo¬ 
graphed image, and correct tone rendition occurs, so far as the negative is conoerneci. 

We have now to investigate another characteristic of negatives. So far we hav© 
been concerned only with the fact that true tone rendition requires that the brightnena 
of the elementary areas in the original image be reproduced on the negative by opacity 
values which are proportional to the brightness of the corresponding area photo¬ 
graphed or by density values which are proportional to the logarithm of the brightnesa. 
We haAje not inquired into the absolute value of the proportionality constant A in th© 
previous equations, which is a measure of the contrast of the negative. 

Suppose, first of all, that the opacity-brightness relations (or the density-logm /t' 
relations) are such that the brightness of an elementary area of a photographed image 

is exactly equal to the brightness of the correapon<l- 
ing area of the original image, i.e., that A = 1 , in 
Eqs. (46) to (48). Then the contrast or density 
range of the negative will be exactly equal to thc^ 
contrast of the original subject. If, however, th© 
density range of the negative is less than this ideal 
value, the original brightness in the subject is com¬ 
pressed, and the tones in the negative are too 
“flat.” On the other hand, if the density range in 
the negative is greater than the ideal case, th© 
brightness of the original subject is exaggerated in 
the negative, and the negative is said to be “too 
contrasty.” 

The contrast in negatives is its density range':, 
i.e., the range from the minimum or fog density to 
its maximum density. If we wish to limit ourselveH 
to a consideration of the portion of the D-logui E' 
curve for which correct tone rendition occurs, then the density range is that cr)rr<‘- 
sponding to the linear portion of the D-log,,, E curve. For this region of tf!e curv<*, 
we have from Fig. 17 the relation for contrast (7: 

C = A£> = £>2 - Di = TClogifl E 2 - login £’,) - 7 log,,, (49) 

This last relation shows that the contrast is proportional to the -y and to the exjx)- 
sure range. So long as we stay on the linear region ol the O-logn, E (“urve, we mu v 
use y as a measure of the contrast obtainablej the contrast actually obtained dep<>n(lw 
upon El and E\ as well as upon y, however. 

It has already been shown (see page 181) that for any given photographic nega<,iv<^ 
material, the value of y depends upon the processing conditions. 8 pecifi('ally, it. 
has been shown that, for a given film and developer, y depends upon the time and 
temperature of development. Therefore, for a given exf)osur(^ range, we may control 
contrast by the manner in which the negative material is dev( 4 oped (or by the vahu' of 
y to which the material is processed). 

The ^posure and development conditions and their effects on the characteristicK 
of negatives may be shown graphically as in Fig. 28. This curve enables us to bring 
out a third point not already mentioned. In Fig. 28, the expo.sure range for t.li<^ 
straight-line portion of the curve is £. If log,o and log,,, specify the mini-. 



Fig. 28.—Characteristic curve 
of photographic materials. In con¬ 
sidering true tone rendition by 
photographic methods, it is con¬ 
venient to consider only the linear 
region for which the density differ¬ 
ence K and latitude IL apply. 
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mum and maximum values of exposure for the straight-line portion of the curve, then 

L = logio ^ (50) 

If now, the brightness range of the subject being photographed (AS) is greater than 
h, then no matter how accurately the exposure of the negative is timed, some portion 
of the brightness range of the original subject will fall on the curved portions of the H 
and D characteristic and cannot be precisely and accurately reproduced, so far as 
concerns tone value. Consequently, a third condition which must be fulfilled is that 
the brightness range of the original subject must be equal to, or less than, the exposure 
range 72, corresponding to the straight-line portion of the negative. 

On the other hand, if the actual exposure range or brightness range of the original 
subject is small compared to the linear region of the photographic material, appre¬ 
ciable variation in absolute exposure can be tolerated without loss of fidelity of tone 
rendering. 

We may now summarize the essential conditions which must be fulfilled to obtain 
correct tone rendition of the original subject in the negative. Correct exposure is 
required in order that the straight-line portion of the characteristic curve may be 
utilized or in order that the density of all tones of the original image may be recorded 
on the negative proportional to the corresponding logarithm of the brightness of the 
ouiginal image. Furthermore, the brightness range of the original subject should not 
exceed the exposure range corresp)onding to the linear region of the D-logio E charac¬ 
teristic. Finally, in order that all tones may be correctly rendered, it is essential that 
the negative be prop)erly developed. Thus we can hope to obtain true tone rendering 
in a negative only by following three fundamental axioms: (1) the negative must have 
a linear (exposure range equal to or greater than the brightness range of the subject 
it is desired to photograph in correct tone rendition; (2) the exposure must be correct, 
80 that the imagfi will he reproduced through the use of the straight portion of the 
/>-logio E curve; and (3) pro(ioHHing conditions must be such as to produce a negative 
whose: y is unity. In t lie last case, it is customary to say that correct tone rendition 
retiuires the m'gativo to be developed to a gamma of unity, and such developing 
procedure is a sufticuent condition. For making the final print, however, it is not a 
iKU'ossary condition, and so far as printing is concerned, this last requirement is 
unueccssarily severe. But as applied to the negative, as an end in itsell, the above 
three conditions must he fuUilk'd if propier tone rendering in monochrome is to be 
attained. 

(UharactcristicH of Positive Mnterials .—In nearly idl photographic applications, the 
(U'gutive is use<l nu'riOy as a means to an <'n<l. We a,re not accustomed to view pictures 
in which (he bright iichh raiigf's ar<' transposed into dimsity ranges. The usual pro¬ 
cedure is to maki' nnot luu- n'vmsal of the. photographed image by making a positive 
or print.. ’’I’he process of making a [lositive (usually a jirint on paper) may be regarded 
merely as making a. negative of an image in which the brightness areas have been 
reverseil, i.<\, that of making a negat ive of a negative. Considered in this light, it is 
('vident t hat t.ht' same type of arguments as have already been used for formulating 
t.he conditions of corn'd. ton(> n'lidition in the case of the lu'gative, apply equally well 
to t.hc: proper tone rendition in tlu' cas(' oi positive prints. Largely due to inherent 
dilTereuces Ix't.wi'en t lu' chanu-t.eristics of negatives a.nd the corresponding character¬ 
istics suitable for making positive reproductions, ci'rtain minor modifications may be 
reipiired. 

In discussing positive' printing materials, it is desirable to differentiate between two 
t >'pes, so far as concerns t lie method by which the image is viewed. Ortain positive 
inati'rials, - such as motion-picture films and lantern slides, are transparent and are 
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consequently viewed by transmitted light. Such materials require little comment ah 
this time, since their characteristics resemble those negative materials which have 
already been discussed. They differ from negative materials mainly in that their 
speeds are lower, and the maximum values of their gammas are usually higher than 
those of negatives. Spectral sensitivity, latitude, grain, etc., of positive materials 
may also differ from those of negative materials. The other classification of positive 
materials includes opaque materials, such as printing papers, which must be viewed, 
by reflected light. Their characteristics are sufficiently different from those of nega¬ 
tive materials to warrant some consideration at this point. 

Printing papers of the bromide type, designed for making enlarged prints from a. 
negative, have emulsions which resemble those of negatives; consequently the /)-logio JE 
characteristics are similar to those of negative materials. The density range and 
sensitivity are somewhat more restricted than in the case of negatives, but, like nega¬ 
tive materials, the gamma increases with the development time, although only to a. 
small extent. 

The characteristics of chloride papers, which are most frequently employed irr 
contact printing, differ considerably from those of bromide papers. The gamma of 
chloride papers is much less affected by the development time than the gamma of 
bromide papers, and development extended beyond the time required to produce 
gamma infinity acts so as to change the effective speed rather than the gamma of the 
chloride material. 

The chief differences between the characteristics of negatives and the correspond¬ 
ing characteristics of printing papers are: 

1 . The printing paper is opaque, and consequeixtly must lx? viewcxi l)y rcffietrtc'd 
light. 

2 . As a consequence of the above, the blackness of the silver deposit is measured 
by the reflection of light from the surface of the paper, rather than by passing light 
through this material, and this density is spoken of as the ndlection density. 

3. The density range of printing papers depends to a largtj degree upon th(> Hurfac‘<‘ 
texture but is usually less than the density range of negative materials arid is oft(ui 
between 1.5 and 2.0. 

4. The Z)-logio E characteristics of the printing-paper materials have a shorter 
straight-line region than that of many negative mato;rials. In some cases no linear 
region may exist. 

5. The gamma infinity of printing papers, esp(Hually chloride pai)er8, is deter¬ 
mined largely by the characteristics of the emulsion (!oating of the paper and, to n. 
relatively small extent, by the conditions of development. 

6 . As a result of (5), variations in contrast of printing are secured by the seh'ctioii 
of a suitable grade of printing paper rather than through any conditions of procc^ssing; 
of printing papers. 

The density of printing papers is defined in a manner analogous to that us(xl for 
negatives. However, since we must deal with reflected ratlu^r than tra.nsmitte<l light, 
certain minor modifications are required iiv specifying the dtmsity of printing papc'rs. 
If 1 0 is the luminous flux reflected from a perfectly white surface (such as magiH'siuni 
carbonate, which is frequently used as a reference) and if Ir is tlu^ light flux refl(H-te<l 
from the paper having a black deposit of silver, then the amount of light reflected by 
the silver deposit or the reflecting power of the developed paper is 



The density of the developed silver deposit is then defined as 

E> = log 10 = log,,, == -login R 


( 51 ) 
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which, except for the necessary changes required by the fact^ that we are dealing with 
reflected light rather than transmitted light, is identical with the definition of density 
already given by Eq. (13). 

Just as the scattering of light in passing through a negative produces values of 
density which depend somewhat on the conditions under v?hich measurements are 
made, so does the scattering of light from the surface of the paper cause similar 
vagaries in the determination of the density of printing papers. The reflectance of 
printing papers partakes of the characteristics of both diffuse and specular effects. 
Therefore, the conditions under which density measurements are made, and especially 
the angles at which the light strikes and is reflected from the paper, should be specified. 
Furthermore, the surface texture of the particular grade of paper affects appreciably 
the reflection coefficient R. The result is that, although equal amounts of silver 
deposit per unit area should, theoretically, give the same density readings under ideal 
conditions, this condition is not encountered in practice. 

There are two fundamental characteristics of printing materials (so far as concerns 
their sensitometric characteristics) which are of major importance in the making of a 
proper print.* These are: (1) the contrast or the density range and (2) the exposure 
range of the material. 

The density range, by which is meant the range in density from the minimum (or 
zero) to the maximum of which the paper is capable, is termed the contrast of the 
paper.® Thus, if the maxirnurti density of the paper is and the minimum density is 
Du then the cotjtrast (or density range) of the printing material is [as has been shown 
in Plq. (18)] 

O' = AD = - /), (52) 

Th(i density range, or (umtrast, of the printing material determines the maximum and 
ininiimirn blackness of tlic silver deposit on the print. For a given type of emulsion, 
on a paper surface of specified texture, the density is a function of the exposure, as 
giv(m by the exposurcvdensity characteristic of the printing material. But for a 
givciu typ(> of (umilsion and a given exposure, the density obtained is affected by the 
surfa<M' textur(' of the' i)aper. The density range, or contrast, is important in that it 
det(M-min<'s the rang(' in tones, from black to white, which are to appear in the final 
print. 

Th(' second importjint characteristic, of printing materials is the exposure range 
Kr of th(' printing material. It is defined in much the sanu^ way as latitude for nega¬ 
tive inatc'rials, 

Er = logio E-i — logto El (logio E units) (53) 

Pi 

= (exposure units) (54) 

Fj 1 

and (h'tines th(' raiig(^ of (ixposure (exposure is defined to be E = It) corresponding to 
tlu 5 density rang<' for which we may (expect to obtain a deposit of silver when the print 
is exi)OHed. 

The expoHun' range is of prsictica.l importance in that it determines the minimum 
to maximum (U'tisity range of tlu' lu'gative from which a satishictory print may be 
ma(h>. If w(' consid('r tlu^ negative n.s th(^ original subject and if we c.onsider that we 
are “photographing” this negative (which we now c.onsid(U as our original image), 

I Tticre are, of courHC, oilier fiietoiN wliich may be takoii into account for aesthetic, psychological, 
or artistiii reiisoiis, hut we ure not eoncci’iuMl with these factors at this point. 

* Perhaps it may be well to remind the reader that we are here concerned only with the .sensitometric 
nspeets of printing materials. 'Plic siibjeetive evaluation of contrast, from the artistic, aesthetic, or 
psychological T>oint of view may not always agree vrith the sensitometric definition. But we are not 
concerned here witli subjective evaluations. 
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then the basic concepts which have already been discussed for the proper tone rendition 
on the negative apply equally well for the case of positive or printing materials. We. 
have, of course, to transfer the term “brightness range of the original subject into 
''‘^opacity range of the negative,” but otherwise the concepts are the sanrie, and need not 
again be gone through at this point. 

It is sufficient to call attention to the point that, in the ideal case, th(^ exposure 
range of the printing riiaterial must equal or exceed the opacity range of the rn^gativcf 
if we are to obtain a print which is an accurate, although reversed, reproduction of thei 
negative. Another necessary condition for ideal reproduction is that throughout 
the exposure range a linear relation should exist between the logarithm ot the exposure 
and the density; in other words, we desire to work on the straight-line portion ol tht^ 
jD-logio E curve of the print as well as the straight-line portion of the />-logi(i E <uirve 
of the negative. 

Unfortunately, this is not a practical solution because of the limited exposure and 
density range of printing materials. As a result of the short ranges of density and 
exposure, the toe and shoulder of the £>-logio E curve are employed in most printing 
applications; a print limited to the straight-line region of the chara<*.teristic curvt^ 
would very likely be flat (lacking in contrast) and would be suitable only lor aubj<Hds 
in which the brightness range (exposure range in the case of iifigatives) was decidedly 
limited. 

Notwithstanding the fact that many papers have a very short linear rc'gion of the 
Z)-logio E characteristics and certain papers may have no liiu^ar region, tlu' conccq)!. 
of the gamma, or slope of the straight-line portion of the c-urve, is a us<vfid one to upi)ly 
in the case of printing or positive materials, '^bo distinguish the characdcuistics of the 
positive or printing materials from that of negatives materials, W(^ shall use th<^ symbol 
Tp to designate the gamma of the positive material, and y,, to designate the* gamma of 
negative materials. This distinction between the sloixi of tlu^ (diaracteristics of tlu^ 
two types of photographic materials will be especially \iH(vful wlum we vomi'. to eonsich'r 
the proper rendition of tone in the entire photographic proeevss. 

Because the £)-logio E curves of many printing paj)ers ha ve a rc^lativc^ly short 
linear region, the concept of yp is not so thoroughly intrenclual as tlia t of y,t for negal iv(‘ 
materials. Manufacturers do not specify the limiting vahu'S of y,, whicli may be 
expected to obtain upon prolonged dev(dopni(uit, nor do they spixafy tlu' density rnt>ge 
or the exposure range from which some cotuaq)ti()n of y,, might Ix' d('riv<Ml. 

Printing papers are available having various valiums of ('xposure range; and (h'usity 
range, and these factors do give in soim; nujasun; jin indicat ion of t.h(‘ gamma of t hi* 
printing material under consideration. How<'vor, pa.p(u-K an' not Hj)<'(;ifi('<l by tin* 
manufacturers according to their sensitonu;tric characteristies, (;xcei)t in a Hom<>whnt 
roundabout mystical manner in which vagm; t<;rniH sirt; (;mi)loy(‘d. With sufr)ei(mt 
exposure, the density range of a printing mat(;rial is d('terniin<;d, to a v<'ry considi'rable 
degree, by the texture of its surface. The expoHur<; range of pa pers is UHually Hixxufied 
by the manufacturers by such vague terms as “soft,” “vigorous,” or “hard,” in 
decreasing values of exposure range, or by sonu; numcri(;al sysb'm. Huch deHigimtions 
are hardly satisfactory from the sensitonu'tric point of vi('w. And y(‘(, tli<' HvstcMii 
has worked apparently quite well. There seems to lx; little inclination on Mu' part of 
manufacturers to employ a more rigorous spe(;ifi(;!iiion for th(;ir printing malx'rials h<) 
long as the average photographer does not demand more spe(;ifi(; data. 

Even though we may not know the actual H a.nd I) (;har}i(;t(‘rist i(;H of Mu' printing 
material we are employing, the concept of the y>-togu, E curve; is a uscfid one. 
Through its use, we may prepare a chart of printing-pa.pc;r (;hitra<;t.(;riHt.i(;s, so far as 
this relates to the accurate reproduction of the “image” of tlu; negative*. Such a set. 
of curves, as is shown in Fig. 29, is based on the; assumption that we wish to r('[)rodue<', 
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as faithfully as possible, the images of the negative, except that they will, of course, be 
reversed in tone. This diagram has been so prepared that by its use and by an analy¬ 
sis of the'print the photographer may determine errors which may have been made, 
either in the exposure of the print or in selecting the type of paper for a given negative. 

Tone Rendition .—In most applications of photography, the ultimate goal is a 
positive print, either a transparency or paper print, in which the brightnesses of the 
elementary areas of the original subject are to be reproduced In the positive print. 
Tor correct rendition of tones in monochron)e photography, the brightness of these 
elementary areas in the final print must equal the brightness of the corresponding 
elementary areas of the original subject or image. The final print is the result of two 
reversal processes (the negative and the print), both of which have already been 
discussed in some detail. 

Let B represent the brightness of the original subject, and Bj, the brightness of the 
resultant print, the brightness varying with each elementary area from point to point. 
Then if for all elementary areas Bp is exactly equal to B, the monochrome rendition of 
the original subject in the print will equal the brightness of the original subject as 
evaluated by the h\iman eye, and perfect rendition of tone results. liecause of the 
limitations of photographic materials, this ideal condition is never completely realized, 
although it may be approached more or less closely. 

The exposure range of the negative E,, is proportional to B, ami tla^ relationship 
between density and exposure ranges is then 

E 

Dn = •7»i(logU) Eu — logio in) = Tn logio (55) 


where fn:is the inertia, or the exposure corresponding to the intersection of the straight- 
line portion of the D-logm E curve, extended to the zo.ro density axis. But the derjsity 
range is also given in terms of the opacity range and th(‘ transmission range 7 ’„ is 
given in terms of the relation 


so that 


= (i) 

(56) 

(r:) - If 

(57) 

of the ecpiation, we obtain 


11 

(58) 


If now, the nt^gative is developed so that - 7 = 1 , then tin* opacity range of the rn'ga tive 
will be directly proportional to its exposure range. 

In the printing i)rocess, the exposure range of tlu^ positive material Ep is inversedy 
proportional to the opacuty range of the m'gative ()„■ Tlu; opacity range of tlu‘ po.si- 
tive j)rinting material is given l)y 


»■ - (r.) - (sr 


(59) 


where the symbols have the same meaning as given ahovti l)ut refer to the positive^ 
printing material rather than to the negative, as indicated by the subscript p. If 
the positive material is printed in such a manner that vp = 1 , either through proper 
development or by selection of the proper grade of paper, then the silver deposit on the 
print will have an opacity range which is proportional to its exposure range. Since 
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the exposure range of the positive is obtained from the opacity range of the negative, 
the print will give accurate monochrome rendition of the original image. The condi¬ 
tion that = I is a sufficient condition for the production of a print having proper 
tone rendition, but it is unnecessarily rigid. 

The opacity range of the positive material Op is 

Op = C 60 > 


Similarly, the exposure range of the positive is a function of the opacity range of the 
negative, as shown by the relation 


(ft) ■ ‘(ft)" 


(61) 


Consequently, by substituting k{En/in)yn for Kp/ip in the equation for Op, the opacity 
range of the positive may be expressed as 



yp 



ynyp 


(62) 


Now the exposure range of the negative niaterial Kn/in is in turn proportional to the 
brightness range of the original image or subject so that, if this brightness range is 
expressed bv B-i/jHi, we have 

(If) - "(f) 

{ind fiiuillv 

o. = . {py- (64) 

This equation shows that the opacity range of the positive or print is proportional 
to the brightness range of the original image raised to some power which is the product 
of the gammas of the positive and r\egative materials. So long as the product of the 
gammas is unity, i.e., ynyp ~ 1, the absolute vahu's of the individual gammas is ot 
little conseciuence. Th(*r<‘fore, if we have a negative in which the gamma is different 
from unity, we may still obtain accurate tone nmdition by so selecting the printing 
medium that its gamma is such that the product will be unity. For example, if the 
negatives is “flat” so that = ' 2 , then proper tone in the print may be obtained by 
using a “contrasty grade” of paper such tluit y,, — 2. The product of the gammas will 
be 7 ;,r„ = }4 X 2 = I and we shall have established the condition of proper tone 
rendition. 

Graphical Representation of Tone liendilion .—Up to the present time, it has been 
assumed that the straight-line n'gions of the /)-login E curves of both negative and 
positive materials were the oidy portions used. This assumption dociS not conform to 
practice, and in extending the represtmtation of tone rendering in monochrome, it is 
desirable to use graphi(*al methods to show the efh^ct of the various characteristics. 
Mathemati((al methods, whi<^h are l>c>th simple and ac.c-.urat((, can no longer be used 
when (uirvature of the <!hara.ct<^riHti(‘s enters into consideration. 

A method of representing th(^ entire aiul essential (concepts in the proper tone 
rendition of the complete photographic process has been developed by Jones,^ and that 
method is reproduced here. *^rhe method consists of using the second of four (piad- 
rants to represent the brighttiess and brightness range of the original subject (the 
resultant H and D chara,cteriHti<‘S of the negative tixposed to the subject), the third 

' JoNTHis, Li. a., Optical Soc, Am,, 6, 232 (1921); . Franklin Inst,, 190, 39 (11)20), 
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quadrant for the resultant D-logio E characteristics of the developed positive material 
printed from the negative, the fourth quadrant for the variation of the eye response 
when viewing the subject and when viewing the positive-print reproduction, and the 
first quadrant to compare the resulting visual sensation when eomparing the positive 
reproduction with that of the original subject. This diagram is shown in Fig. 30. 

Starting from the scale of subject brightness (logio B scale) which determines the 
exposure and exposure range, we find the H and ID characteristics of the developed 
negative as given in the second quadrant. True tone rendition is obtained on the 



Fia. 30.—Four-quadrant diagram illustrating the method of determining correct nesa 
of tone reproduction. This diagram provides a method by which the final print can lx* 
compared with the original subject; it does not take into account tone variations which may 
be desired for aesthetic purposes. 

straight-line portion of this curve. From the D-loguj E curve of thc^ negative, we 
arrive at the same characteristic of the printing material (third quadrant) through tlu^ 
process of printing or making the positive. Here again, true tone rendition is obtaiiUMl 
over the straight-line portion of the characteristic curve of the positive material. 
However, the curvature of the characteristics of the printing material are such as f <» 
exaggerate, rather than compensate, for tone distortions occurring in the negative. 
Finally, by viewing the positive or print by reflected light, we obtain the scene bright¬ 
ness through the brightness characteristic of the human eye which translates the si'etie 
brightness into visual sensations. By comparing the visual sensations thus producetl, 
with the subject brightness, we obtain the curve in the first quadrant, which represeiits 
the distortion characteristics of the final print reproduction, If this characteristic is n 
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straight line, the reproduction is free from distortion, whereas the degree of distortion 
is proportional to the curvature of this characteristic. 

By studying the various steps represented in the four quadrants, we are able to 
determine what change in photographic technique and processing is required in order 
to minimize tone distortion. 
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CHAPTER VIII 


EXPOSURE AND EXPOSURE DEVICES 

By Beverly Dudley and A. T. \ Williams 


Exposure. Theoretical Considerations. —Two fundamental steps are involved in 
the making of any picture by photographic processes which involve the use of silver 
salts. In the first of these a “negative” is produced on which is recorded, in rever«€>i 
manner, the light and dark portions of the original subject. In the second step a- 
I)ositive print is made by using the negative as the original object, and reversing its 
tone shades so that the brightness of the various elementary areas of the print boar 
some direct or positive relation to the brightness of the corresponding elementary 
areas of the original object. In both steps, the process in which light falls upon bhe 
sensitized photographic material is an important step and is known as exposure of 
the photographic material. 

In the final analysis, the positive print is the desired result. Any in termed is*, to 
steps, such as those involving the making of the negative, must be regarded as a 
means to the desired end and, accordingly, should be treated in this light. Since t.h€? 
final print is produced from the negative, it is evident that the charactc^risties of thc'i 
negative, which include its general or average density, its range of dtuisity, and itn 
tone gradation, will influence the printing time, range of density, and tone gradation 
of the final print. For this reason it is esstaitial to ascertain that tlu; n( 5 gativ <5 in 
properly prepared in all respects; in this chapter, however, wo shall l)e primarily con¬ 
cerned with the proper exposure of the negative, leaving its sul)s(‘(]uent procicssing to 
later chapters. The manner in which the negative and tlu’: iwsitive print are expostui 
to light, the duration of the exposure time, the eharacteristics of the photograpliic* 
the spectral characteristics and intensity of the* light sour(H^, the edmr— 
acteristics of any filters which may be used, are all important fa<!tors to consider in 
arriving at the proper exposure which will produce thc^ d(>sired final results. TIuh 
chapter will be devoted to a consideration of these factors. 

Photochemical Action Occurring during Exposure .—The (iinulsions of photographit* 
materials consist of a layer of silver halide deposited on a transi>arent substamai suoli 
as gelatin or glass in the case of negative materials or on a paper base in the case of 
positive materials. It is characteristic of the silver halides that, wlum acted upon I)y 
hgbt, they undergo some form of alteration so that the grains which have hetui 
exposed to light may be converted into black deposits of metallic silver in th<^ proc,<’:HH 
of development.'^ 

A minimum amount of light, however, is required to effect the change in the grairiK 
of the silver halide. If less than this amount of light fails to reach the emulsion, tin* 
grams will not be affected, and consequently they cannot be changed into metallie 
silver during development. As the quantity of light impinging upon the emulsion 
increases beyond the minimum amount necessary to produce a minimum observablt* 
SI ver deposit, more and more layers of silver halide are exposed and are subject to sul>- 


us her<^ exact physics underlying the production of the latent image in the emulsion need not concern 
us here. There is no universal agreement as to the mechanism by which the latent image is produced 
and this point will not be discussed here. ^ pmduced. 
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sequent development. Consequently, the density of the silver deposit of the devel¬ 
oped negative increases, at least within limits, as the amount of light falling upon 
the emulsion is increased. The relation between the quantity of light falling upon 
the sensitized material and the density of the silver deposit depends upon a number 
of factors but is expressed by means of the D-logm E characteristic curve. The most 
important of these factors are discussed in the chapter on Photographic Sensitometry, 
which should be consulted for additional information on this subject. 

Requirements for Correct Tone Reproduction .—A scientifically correct print is one 
in which the light intensities of the various portions of the print are proportional to’^ 
the light intensities of the corresponding elementary areas of the original object. 
Since the negative is a reversal of the light intensities of the qpginal subject and also 
that of the print, it follows that the opacity of the elementary areas of a scientifically 
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Fio. 1.- E (liagrum illustrating; correct tone rendition when the brightness range of 

the subject does not exceed that of the linear portion of the curve. 


correct negative must be proportional to the light intemsities of the corresponding 
areas of the original object. In order that this condition may bo fulfilled, the range 
of light int(ui8iti(^8 of the original object must be so related to the characteristics of the 
filtn, through proper exposure, that it corresponds to the linear portion of the D-logm E 
characteristic (uirve. A similar condition must lie fulfilled in making the print.* 

In addition to determining the exposure so that the linear portion of the />-logu) E 
ehara<d.eriatic <uirve is employed, it is essential that the photosensitive materials 
selechul for u.s(^ havt^ sufficient latitude to accommodate the brightness range of the 
original object, (lonversely, if the latitude of a givcui cmidsion is small, then, for 
a sei(mti(ieally corretd, negative', it is essiuitial that this material not be used to photo¬ 
graph objecls which have a larg(i brightness range. 

An exajuph' will h<;lp to make! tlu^se slatements more clear. Let the curve of 
Fig. I represcuit the characf eristics of a film having a latitud(! of 100, i.e., the ratio of 
the exposure at point C is 100 times that of point .4, or the difference between logm E at 

^ la the ideal cane, which is not atluinabhi where the print is viewtnl by refleeted the inteiiaitieH 

of the print would be exaetly eqvial to the <50rreBpouding inteunitieH the corresponding areuM of the 
object photographed. 

® See page 205 for treatment of eorrect tone rendition from the view'poiiit of the oharacitiristicH of 
photosenHiiive materials. 



tlANhBOOK OF PHOTOORAPHY 


SIO 

point C and logio E at point A is 2, If now we have an object whose brightness , 
range does not exceed 100 to 1, as indicated by the strip BRi, then it will be 
possible to choose an exposure such that the densities of the negative will be directly 
proportional to the brightness intensities of elementary areas of the original subject. 
On the other hand, if we try to photograph on this same film a subject having a 
brightness range of 10,000 to 1 as indicated by the strip BR^, it will only be possible 
to reproduce correctly the range from 100 to 10,000 units representing a range of 100 to 
1. Greater light intensities than those represented by the point C will not produce 
densities in the negative proportional to the brightness of the object. Similarly for 
low values of brightness of the original subject, to the left of A, a correct relation 
between brightness of the original object and density of the negative will no longer 
be possible. The result is that between the points A and G we are able to obtain 
correct tone reproduction; beyond these points tone distortion results. 



Flu. 2 .-—-If the brightness range of the subject being photographed does not exceed 
the exposure range for which the 7i)-logio E characteristic is linear, several exposures are 
possible, all of which can give correct tone rendition. 

The ratio of the latitude of the film to the brightiu^ss ranges of the object, dol.cininnes 
the necessary precision of the exposure. If, as shown in BRyoi l^dg. 1, brightness 
range and the latitude are equal, then there is only one possil)le exposure for which 
correct tone rendition is possible, and this is represented as the mean exposure, given 
by the point B. If, on the other hand, the brightness range of thc! original subjc^ct 
is much less than the latitude of thc film, several dilTerent exposures will be possil)l(', 
each of which is capable of produ{ung correct tone rendition. For example!, if wt! are 
photographing a subject having a brightness range of 10 to 1 on a film having a 
latitude of 100 to 1, we may so determine the exposurt! that l.h<“ brightness range occurs 
between A and B, betwefui B and f/, of Fig. 2, or atiywhcii-c! l)ctwe(!ii tlu'sc! (ixinune 
limits, e.g., D and E. We may, therefore, select as the irn^an exposur(\ any value: 
between G and F and still obtain eorrtw.t results. Since the (!xposure at O’ is 10 tinu's 
that at F, it is possible to make a 10 to 1 error in expos\ire and still obtain a nt^gnt ivc: 
having correct tone rendition. In Fig. 1 such a range in exposure was not possibh^ 
because the film latitude and brightness range of the object being photographcnl 
were of equal magnitude. 
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From this discussion, it is evident that the following conditions must be fulfilled 
in. order that a scientifically correct negative may be produced; 

1. The brightness range of the original object must not exceed the latitude of the 
photographic material; or, conversely, 

2. The latitude of the photographic material must be at least equal to, and 
preferably should exceed, the brightness range of the object being photographed. 

3. The more nearly equal are the brightness range of the object and the latitude 
of the photosensitive material, the more critical is the exposure which must be given to 
obtain correct tone rendition. 

4. If the brightness range of the object exceeds the latitude of the film, only a 
portion of the scene will be reproduced with proper tone value; other portions of the 
object will have tone distortion. 

5- If the brightness range of the object being photographed is less than the latitude 
of the film any one of several correct exposures may be used. 

6. The greater the ratio of film latitude to brightness range of the object, the loss 
critical need be the exposure of the film. 

Definition of Exposure .—^The altering of the silver halide grains by the photo¬ 
chemical action of the light in order to produce a latent image is called exposure. 
To a first approximation^ it has been found that the photochemical action taking 
place during exposure obeys the reciprocity law of Bunsen and Roscoe. As an 
application of this law to photochemical reactions, the exposure E may be expressed as 

E = It (1) 

where I = the intensity of the light acting upon the sensitized photographic material; 
t = the time during which this illumination is permitted to act on the photo¬ 
graphic. material. 

For exposure to white light, which represents the usual conditions, the exposure is 
measured in meter-candle-seconds. As indicated in the chapter on Photographic 
Sensitometry, the light source has a spectral distrib\ition like that of mean noon 
sunlight, and the exposure time t is usually continuous rather than the integrated 
effect of intermittent or chopped exposures.* The equation shows that the exposure, 
and conseciuently the photographic effect afS mc^asured by the density of silver deposit, 
depends directly upon the intensity of the light source and increases the longer the 
material is suhjee.ttid to light rays. Because the exposure depends upon the time 
during which the light acts on the filnr, the film is abh^ to integrate the (quantity of 
light falling upon it. A practical advantage of this effee.t is that through sufficiently 
long (exposure it is possible to photograph objects wliich might otherwise not be 
sufficiently bright to produce a photographic iinag(\ 

Th(i exposure is not the only factor determining the photographic effect produced, 
although it is a very important factor in this comuMdion. I'he photographic effect, 
by whie.h is meant tho density of th<; silver deposit, is determined by the characteristics 
of the sensitive material and by the proc.essing conditions as well as by the exposure. 
These factors are related graphically by nu'atis of the /i-logio E characteristic and 
are diseusseci in the (diapter on Photographic H<msii()m(d,ry. 

By m(‘a,ns of the O-logui E characteristic curv(^s, it is possihh': t.o determine the 
dtmsity producied on a certain photosensitive mab'rial for givc'ii <ixposur«'and process¬ 
ing conditions. Su(‘.h (uirv<‘S providi; a clue to what might h<^ (‘xpect.ed, by way ol 

' (tarefiil invenUKHtioiiH hIiow tlmt tlie reciprocity law w not exactly obeyed by photographic iuat(»- 
rials. Failure of the rooiprooity law is not of aerioim coiiHocpiciu'.o in most brancht‘8 of practical i)ho1.o(t- 
raphy, and, for a first approximation, may be negle(sted. 

* If the film is exposed intermittently, it is found that the photographic effeets are not the same as 
when the film is exposed for the same time duration but contimiously rather than intermittently. 
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photographic effect, when photographing an object with a. camera and lens system. 
However, the D-logio E characteristics are usually expressed in terms of density and 
meter-oandle-seconds. The illumination of the object being photographed is not ordi¬ 
narily determined in meter-candle-seconds, and even if this were possible, through the 
use of properly calibrated exposure or illumination meters, the intensity of illumination 
on the plate is vastly different from that of the original object because of the reduction 
in size, the effect of the aperture stop, the focal length, and other characteristics of the 
lens system. To make maximum use of the sensitometric concepts and to under¬ 
stand fully the various and numerous factors which enter into exposure, it is desirable 
to provide the connecting link which relates the exposure, as given in the sensitometric; 
sense of the term, and the brightness of the object as this may be determined by 
measurements with an exposure or illumination meter. It is proposed to construct 
this connecting link based upon theoretical considerations for two reasons; (1) An 


A 



of the point P' on the photographic plate (lan be expressed in terms of the luminous intensity, 
1, of the jjoint on the subject, P, and the characteristics of the lens system. 

understanding of the theory of exiiosurt; provid(;.s an cxeelleut basis for understanding 
the practical treatment whicdi is to follow; (2) the relations and equations which are 
derived from theoretical considerations are required for a full explanation of the use; 
of exposure tables given in another section of this chapter. 

Image Brightness as a Function of Optical Bystem .—It is now necessary to estab¬ 
lish the connecting link by which the brightness of the image on the photographic 
plate may be deterniined from the illumination of the original obj(;ct being photo¬ 
graphed. This link involvcvs tin; optical system of th(; camera, which, so far as 
exposure is conccu’ned, includes the iris diaphragm, the bellows extension, a filt<;r 
(if one is used), and the shutter, as well as the lens system proper. 

Let Fig. 3 repr(;sent the lens syste:in of the camera, in whicdi a point object. P, 
whose luminous intensity is /, produces an image object of itself P' with luminous 
intensity P on the photograpliic plate. "I'hc iris diaphragm or aperture': is repre¬ 
sented as being at A. The primupal planes of the lens are represented as lying at PP 
and at PP', while the entrance and exit pupils are designated as being at NP and XP, 
respectively, and the principal focal lengths are L and L'. 

The point P may be self-luminous or may he illuminated by reflected light. In 
either ease it will illuminate the e,ntranc.e pupil of the lens NP witli an intensity 
inversely proportional to the sq\iare of the distance between P and R, the latter being 
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in the plane of the entrance pupil, and directly proportional to its luminous intensity 
I. Let the distance between P and R he X. Then the intensity of light falling upon 
the entrance pupil will be proportional to I/X^. The distance X may be considered 
as being made up of two components. One of these is the distance from P to the 
interior principal focal length i, which distance is given by —L/M where M is the linear 
magnification produced by the lens system. The negative sign is required because 
of the inversion of the image. The second component of the distance X is the 
distance LP from the plane of the principal focus to the plane of the entrance pupil. 
Since the principal-focus and the entrance-pupil planes are never very far removed 
from one another, the distance LR may be expressed by L{1 q) where q is a small 
positive or negative decimal. Neglecting the negative sign required because of the 
image inversion, the distance from P to P may be expressed as 


X = + 9 ) + 


( 2 ) 


The intensity I' of the light at the point P' is proportional to the cone whose half 
angle is 6. The maximum diameter of this cone at the exit pupil is determined by 
the area of the aperture, which is given by 


A = 


~r 


(3) 


where d = the diameter of the aperture. 

The cone of light emerging from the exit pupil comes to a foc.us at P' and produces 
an imago of P whose size is proportional to the linear magnification of th(^ system M. 
The iritensity of the image at P' is inversely proportional to the area of the image. 
But the area of this image is 


a 


irNP 


(4) 


so that /' is proportional to 

Finally, th(>! intensity of the image at P' is reduced by absorption and reflection 
by the separates eUnnents of the lens syshnn. Of the light iiundcmt upon the kms. 
Home is ahsorbc'd, but a gntater part is reflectcHl from tlu' lens surfactis, esp<'icinlly if 
these are uiu'emented. ddie quantity of the <m»ergiug light is always less than that 
incid(!nt ui)on the syshun and is proijortional to thc! incident light and tlu^ trans¬ 
mission of the lens system T. Conse<piently [' is proportional to T. 

Having discussed briefly the separate fa.ctors whic;h infhuaua': the intfunsity of 
the iituige, we may now comhiix' ihe sc'ipnrate effects. Thus, for fvn object /* on, or 
very near to, thc optical axis of tlu^ kvns syst.c'm, thc intensity of the imago is 


klAT 


(5) 


where k is a. mimeric:a.l constant (hqxmding ui)on th(! units of measurement. By sub¬ 
stituting for T, X, and a, tlui valm^s alnuuly (hd.ermimHl, and by simplifying, the 
expression becomes 


Lma/(i+'9) + IP 


( 6 ) 


Since q is a small frac-tion, little error is introduct'd if it is nc^gh^vtcHl, and for practical 
purposes the above equation may be simplihtal to 



r /c7W* "I 


(7) 
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This equation gives in the most general form the connecting link relating the intensity 
of the image and that of the original subject, so far as the lens system is concerned, 
provided that the object and image are not far removed from the optical axis of the 
lens. For objects considerably off the optical axis, and especially when the view angle 
is large, the intensity of the image at a corner of the plate may vary considerably from 
that given by Eq. (7). 

By definition the /-number of a lens is the ratio of the focal length to the diameter 
of the aperture. Thus we may substitute / for hjd in the above equations, where / 
represents the /-number of the lens for a specified diameter of aperture d. When this 
substitution is made, we obtain 


r 


IkT ‘ 
PiM H- 1)2 


( 8 ) 


which is, perhaps, in its simplest and most practical form. This equation states that 
the intensity of the image is proportional to the intensity of the original object, 
proportional to the transmission of the lens system, inversely proportional to the 
square of the /-number, and inversely proportional to the square of the linear mag¬ 
nification plus one. 

Image Brightness as Function of Filter. —A filter is frequently employed in pho¬ 
tography to increase contrast, to produce desirable pictorial effects, or to distinguish 
between tone rendition of various colors. The property inherent in all filters is 
absorption of a portion of the spectrum to which the photographic emulsion is sen¬ 
sitive, and it thereby decreases the effective intensity of illumination on the pho¬ 
tographic material. Because of this reduction of luminous intensity, the exposure 
must be increased. The filter factor, for a particular filter, light source, and pho¬ 
tographic emulsion, is a rneasure of the required increase in exposure and is also a 
measure of the extent to which it reduces the quantity of light reaching the photo¬ 
graphic material. 

If the filter factor is F, the intensity of the light passing through it^ is inversely 
proportional to the filter fa(!tor or to \/F. We may consider the effect of the filter, 
as well as that of the lens systen\, in determining the intensity o-f the image for the 
filter and lens system 

FP{M -h 1)2 . 


Exposure Time and Film Speed. —’^riio sensitivity or speed of a photographic 
material is an important factor in deterniining the exposure required to produc^e a 
given photographic effect. Various methods of determining and specifying the speed 
of photographic materials are in use and are described in the chapter on Photographic. 
Sensitornetry. It is sufficient to say that in all the common methods of specifying 
film speed, the larger numerical units indicate the faster or more sensitive ermdsions, 
f.c., those requiring the least exposure to produce an image of given density. This 
may be seen by comparing the speed numbers in the various systems with the relatives 
exposure as given in column 1 of the table of film spc:eds. Appendix B. 

The various film-speed systems aro^ not based on the same fundamental use of t.hc; 
D-logio E curve, and the film-speed mimbers do not progr(!SS uniformly in the various 
systems; in some cases the speed nuint)ers progress proportionately to the relative^ 
speed, in others they do not. It is possible, however, to devise a relationship between 

1 In speaking of the tranHinission of light through u filter it nuist be remembered that a true filter 
does not provide equal absoriitiou for all wavelengths to whieh the photographic material is sensitive. 
Strictly speaking, it is therefore improper to deal with the intensity of light passing through the filter 
without considering the spectral distribution of the light and the spectral transmission of the filter. 
These factors are implicitly taken into account, however, in the determination of the filter factor. 
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the various film-speed numbers, as given in Appendix B, although such relations are to 
be regarded as being, at best, rough approximations. If Sa is some arbitrary or rela¬ 
tive film-speed or film-sensitivity number (as given in column 1 of Appendix B) and 
Sn is the film speed or sensitivity in the n. system of rating, then the various film-speed 
numbers will be related to the relative sensitivity by the equations given in Table I. 


TabijK I.— Equations for Various Film-spbkd Reilations 


Film-speed system 

Film- 

speed 

symbol 

Film speed, related to rela¬ 
tive film speed, Sa, of 
Appendix B 

Kn 

W estou..... 

Su 

Sh = 0.233 5a 

0.233 

Americfiin, H and JD (A 10).... .... 

Sa 

Sc =* 5.8 

5.8 

Fnrnpef»,n Hf anH ... 

Si) 

Sd = 27 Sa 

27 

Watkins. 

Se 

Sb = 10.66 5a 

10.65 

WyTinf>i. 

Sf 

Sb = 20.9 VSa 

50 = 2.8Z/Sa 

5// “ (1 -H 9.5 logio 5 a) 

5/ = (6 9.5 loKio 5 a) 

Sj = (43 -f 24 logiD 5 a) 

Sk = [(10 logic 5 a) ~ 7]/10 

51 = 1.165 5a 


Burrougihs-WellconiB.. 

Sa 


American Scheiner,.. 

Sir 


Eiiiropean Scheiner..... 

Sr 


Eder Hecht..... 

Sj 


DIN. 

Sk 


Eastman^. ...... 

Sl 

1.165 




* The! film-speed values for the Eastmari Kodak Co. minimuni-gradieut filrn-sptferl system are baaed 
on published data for only a few emulsioiia, from which it was determined that the Kodak numbers are 
approximately five times the Weston speed numbers for the same emulsion. 


For those film-speed systems (tlosignated by a Kn fa( 5 tor in the last column) for 
which the speed numbers are proportional to the relative film speed, the exposure and 
film speed bear a very simple and convenient relation to one another. To show this, 
suppose we photograph a vety simple object without any detail whatsoever, such as a 
uniformly lighted sheet of paper. The exposed and d(5Vtilopcd negative will then have 
a uniform density, Dn, or a uniform opacity, O. Let the light inUuisity at which the 
photograph was made he /, the shutter sp(HHl be tu, and tlui film speed bo /Snoi 
consequently the exposure is Zi’o = I oL- Then, if the negative is properly exposed, the 
opacity will l)e 

O == = CSrJdo (10) 

►Suppose, now, that wo (diange tlie film speed arid desire tlu' same opacity of the nega,- 
tivc. It will then he necessary to alter the ex[)oHui-e, E, and if /i, remains constant, U 
will ha,VO to Ire changed to t. Thus, for a new film speed, *S'„, we have 

() = (\HnE ^ ( 11 ) 

and since (he opacity is the same in both eases we have that 

*SWo = (12) 

and thus 


which shows that for a given photographic effect, the shutter speed is inversely pro¬ 
portional to the film speed. As an example of the use of tliis eriuation, suppose we 
were to give an exposure of '-50 see. to a film having a speed of Weston 12. This 
exposure will produce a negative of setuc definite opacity O. If we now desire to 
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obtain this same opacity with another film having a speed of Weston 24, our equations 
show that, if the exposure time is the only variable, this must be reduced to Hoc sec. 
to produce the desired effect. If we had chosen the Wynne system instead of the 
Weston system in this example, the exposure time in the second case would have been 
J^oo sec., because in this system doubling the speed number quadruples the exposure or 
requires only one-fourth the exposure for the same photographic effect. 

Correlation of Factors Affecting Ex'posure .—We are now in a position to correlate 
all the factors affecting the exposure of the film. The exposure given to the film in 
the camera E = I't where I' is given by Eq. (9). Therefore the exposure of the 
film in the camera is 


E = Ft' 


IkTt 

FPiM -b 1)2 


(14) 


which is now related to the exposure It in meter-candle-seconds as given by the H 
and D characteristic curves. 

If we arbitrarily select some exposure Ea for which we determine the values of 
exposure meters, exposure tables, or other exposure conditions in terms of other refer¬ 
ence values of light intensity /o, filter factor Fq, lens transmission To, aperture stop /o, 
magnification ikfo, exposure time t{), and film speed 8^, the reference exposure is 


Eli 


J'F = 
^ 0‘'0 — 


_ 1 okT oil) _ 

Fafo^iAf 0 + 1 )^ 


(15) 


In order that identical photographic effects may be obtakiod, it is necessary that 
E = Eo so that 


IkTt _ UkToU 
FP(M -b 1)2 FofoHMo + 1)^ 

From this relation we obtain, by dividing by the left-hand side of the equation and 
taking account of actual film speed S and reference film speed Su 


1 




(M -b l)21/7’o\ 
(Mo +"1)2 JV T ) 


(17) 


This relation will be found invaluable for determining the exposure conditions for 
some unknown conditions wluni th(^ exposure for other reference conditions are known. 
This CiCiuatioii can l)e espcHually helpfid in extending the use of the (exposure tallies, 
given in a. latcir scadion of this chapter, beyond the conditions for which they now 
apply. In practice yi/()<<Cl, /'’o = 1, and To/T is always 1 for the same lens system. 
Thus Eq. (17) may l)e reduced to the more practical form 




+1)' 


(18) 


Since Kqs. (17) and (18) ar(' in the form of ratios between known and unknown 
conditions, it does not rnakc^ any diff(;rent^e in what units the factors are expresscHl, so 
long as V)oth factors in the same partmthesis arc expressed in tlu': same system. Thus 
V)oth S and 8n must la; exprtJss(Hl in the same speed system. This may be Weston, 
H and D, or Watkins. But the ecpiations do not apply if 8o is expressed in H and D 
and 8 in Weston figures. 

The ecpiations may l)e manipulated by simple alg(^l)ra to determine any of the 
other factors which may be desired. 

As a somewhat extreme but complete example of the application of these exposure 
equations, consider the following problem itj which it is assumed that all ihe 
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factors represented by letters having zero subscripts are known and the exposure is to 
be calculated for entirely different conditions. 

Suppose we know from experience in copying a photograph full size (Mo ~ 1), 
when the brightness is 100 candles per sq. ft. (/o = 100), the film speed is Weston 16 
(So = 16), and the aperture stop is //8 (/o = 8), that the shutter speed is Ho sec. 
(<o = Ho)- No filter is used for the known conditions so that Fa = 1. The trans¬ 
mission of the lens will not usually be known, ^ but for the sake of argument, assume a 
Tessar is used with a transmission of 85 per cent, so that To = 0.85. 

Now suppose we wish to determine the shutter speed when we use a film whose 
speed is Weston 20 {8 — 20), an aperture stop of//5.6 (/ = 5.6), a filter whose factor 
is 4 {F =4). Assume we use two identical lamps, instead of one as previously, so 
that I = 21 0 ~ 200. Suppose we use a lens with more glass elements than before, 
so that the transmission may be taken as 68 per cent. Let us copy the photograph 
double size so that M = 2. 

By multiplying E)q- (17) by t, we find the time exposure to be 


‘•a)x§)(f.)(^)[ 


(M ■+ l)2-]/To\ 
(Mo -h l)^|\Ty 


(19) 


Substituting the values given above, we find 



X 4 X 


V 206 / L(1 + 1)H 


X 


0.85 

0.68 


9 

40 


The value found is approximately 1/4.5 sec, so that H or H sec. shotild be \ised, 
tlepending upon the shutttT speed available. 

Exposure. Practical Considerations- —In this s(‘(ition, it is pioposod to discuss 
in some detail and from a practical rather than a theoretic.al point of view, the various 
factors which enter into and determine the exposure which must be given to the 
photographic material. Fundamentally, as we hav(i seen from theoreti(!al (‘.onsidera- 
tions, the important factors aff(H;ting exposure include: l)rightness of the object, 
aperture stop or /-number, filter factor, shutbu' si)eed, film speed or sensitivity, 
magnification of the image, and transmission of the lens system. From the practical 
point of view, however, a numljor of these factors frcMiuently r<':(iuir(i simultantjous 
consideration in photographic practi(!e. 'Thus, for (ixampU^, thci transmission of the 
lens system, as well as the magnification of th(^ image, is Involved when supplementary 
or telephoto lens are used or when only a singh^ (element of a doublet is used. Like¬ 
wise the magnification of the imag(i oc(uirs in such practical matters as enlarging or 
reducing the size of the image or in copying to size. The intensity and quality of the 
illumination of the object is especially important whcui photographing outdoor sub¬ 
jects by daylight, as the time of day, c'.ondition of the sky, and type of sul)ject Ixnng 
photographed influence the intrinsic hrightrmss of the ol)j(Hd.. 

Intensity and Quality of Light .—'rhe intcnisity and (luality of the light reacdiing 
the film from the objtu't is undoubkHily the most important consideration in deter¬ 
mining the photographic exposure. In <a)mparativt^ly few (uiscs, as in astronomical 
photography, the objects being photograpluMl s('lf-huninous. In this case only 
the intensity and spectral distribution of tin; luminous souna^ need Ix^ considered. 
But where objects are illuminated l)y reflected light, as ocanirs in t he great, nuijority of 
instances of practical photography, the magnitude and spectral nvfhatance cl tlx^ 
object must be considered as well as the intensity and quality of th(^ light by which it 
is illuminated. For bright objects, for which the reflectaix-c! is high, more light will 
be produced at the camera lens from a given source of illumination than for those 
oases in which the objects are dark and the reflectama^ is small. 

'■ See p. 226. 
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In considering the reflection of light from objects, attention should be directed not 
only to their reflection factor as determined by visual brightness but also to their 
reflection characteristics as related to the spectral sensitivity of the film and tlic 
spectral characteristics of the light source being used. A white light source has 
approximately equal energy in all parts of the visible spectrum and, for practical pur¬ 
poses, may also be considered to have equal energy in all parts of the spectrum to 
which the common photographic materials are sensitive. A white object photo¬ 
graphed with white light will reflect much of the light into the lens, and the required 
exposure will be relatively short. 

On the other hand a colored object will reflect that part of the white light corre¬ 
sponding to the color of the object and will absorb, more or less, colors of other por¬ 
tions of the spectrum. For objects having the same apparent brightness or reflection 
the photographic effect will be greatest for those colors to which the photographic 
material is most sensitive—in most cases, the blue end of the spectrum. Thus, for 
example, of a red and blue object illuminated by white light and appearing equally 
bright, the blue object will require the less exposure to produce a given density on the 
film. The reason for this is that the film is, most probably, more sensitive to blue than 
to red portions of the spectrum. This is certainly true in the case of “ordinary” or 
orthonon materials whose sensitivity lies almost entirely in the blue region of thcs 
spectrum; it is less true for orthochromatic materials which are sensitive to the blue, 
green, and yellow. While panchromatic emulsions are sensitive to all visililo colors, 
maximum sensitivity is in the blue and green portions of the spectrum, although 
they have good sensitivity to the yellow, orange, and rod. For practical purpoH(^s, 
the visual brightness of the subject may be used as an indication of tlio photographic*, 
effect, especially since the majority of scenes contain objects or areas of neutral colors, 
or colors having a wide range of spectral values. For fully panchromatic materials 
which are sensitive to all visible colors, the visual brightness of the ol>j(‘.ct may bo 
taken, for practical purposes, as an indication of the photographic effect. 

The color of the light source must be considered in a similar way. A white object 
illuminated by a blue light can only reflect blue light to the film, ''rhe required 
exposure may be less than that of a white-light source of equal energy and of a whiter 
object. A blue object photographed by a blue light may produce approximately 
the same photographic effect as the white object ilhiminated by l)lu(^ light of cfiual 
energy, because in each case the amount of blue light reflec;ted is approximately tlu^ 
same. But a red object illuminated by blue light will absorb most of the liglit, 
reflecting little to the film, and in this case a comparatively long exposure' must he 
given to produce a negative of specified density. It may happen that no rnaftr^r how 
great an exposure is given, the object cannot be successfully photographed vuuh^r these 
conditions. The rules by which the spectral characteristics of the film, light sovirce, 
object, and filter (if one is used) affect exposure can be stated iruithematically ‘ but 
need not be considered in a practical treatment of the subject of exposure. 

Iiwf Broadly speaking, the more intense is the light by which an ol)j(K‘.t is photograi)hed, 
the greater will be the exposure and the resulting (lensity, all other fatdors remaining 
unchanged. If a given or specified exposure is desired and the intensity of the light 
is increased, then the shutter speed will have to be incrcastHi, t,hc aperture, will have f <> 
be decreased (larger/-number), or some other factor will have to bo altenul in ord<>r t.o 
compensate for the increase in light. There are some exceptions to this geiu'ral Htat<‘- 
ment, however. A certain minimum amount of light must strike the film before the. 
latent image is impressed on the emulsion; if leas than this exposure is given, the grains 
of silver halide are not altered in the process of development. On tlui other hand, for 

1 Portions of this subject are treated in greater detail in the chapter on Light Filters. 
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very large exposures-muoh larger than are encountered in ordinary praotice~the 

P™™ Po is inoreaeed. 

1i,ht ** may derive the following practical formula which indicates the 

light intensity required when various factors are changed. Thus 


■©©■(Dffh" 


+ 1 ) = 


( 20 ) 


IS the most general case likely to occur in practice. Equation (20) refers only to the 
intensity and not the spectral-energy distribution of the illuminant. 

As an example of the application of this equation, suppose, as reference conditions 
it is known that, for a light intensity of 100 units (7o = 100), an aperture stop of 
f/8 (fo — 8), and a film speed of Weston 20 (/So = 20), the required shutter speed is 
Ms sec. (<o =» Me)- When we are photographing a beach scene with a yellow filter 
having a factor of § {F = 5), it is desired to know what light intensity would be 
required for the same shutter speed {t = Ms) when the same film is used {S = 20) but 
when the aperture stop is //4 (/ = 4). For photographs of this type the magnification 
is so small that it may be neglected and we may consider that M = 0. Furthermore, 
since the same lens is used in both cases. To = T, and consequently \To/T) becomes 
unity. Substituting these values into Eq. (20)' the required illumination is found to be 

I = I00(^)(^)»(2%0) X 6 - 126 (21) 

SO that the light required is not changed appreciably from its original value. 

Aperture Stop or f-number. The aperture stop or/-number is defined as the ratio of 
the principal focal length of a lens L to the diameter of its exit pupil d, or 

/ = ^ ( 22 ) 


For example, if a lens whose principal focal length is 8 in. has an aperture 1 in. in 
diameter, the/-number is f/8. For a given lens the/-number varies as the diameter 
of the iris diaphragm is changed. This diameter determines the amount of light 
reaching the film. By varying the /-number, the amount of light and consequently 
the exposure of the film may l)e controlled. It js customary to mark the lens system 
with a series of/-numbers each of which gives twice the exposure of the next highest 
number. Hince the (ixposure is proportional to the square of the /-number, for the 
(txposures to be doubled the /-nund)ers must progress in sequence according to 


TaBLK II.-PuOClREHSION' OF EnOLISH AND CONTINENTAL ApERTURE SySTBMS 


(^jutrinental Byntem 

English System 

//l.« 

//1.4 

//2.3 

f/2.0 

//3.2 

f/2.8 

//4.5 

m 

//(t3 

//5.6 

//9 

f/8 

//12.5 

//ll 

//18 

//16 

//25 

//22 

mo 

m2 

//60 

//45 

fm 

//64 


There are two methods of marking /-numbers in common use as shown in the 
Tables 11. In each case th(i exposure given by any stop is twice that of the next larger 
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Stop. The /-numbers engraved on a lens usually follow eithef tho English or the 
Continental/-markings quite consistently, although some deviation from this practice 
frequently occurs for the largest aperture—^the smallest /-number. For example, 
many lenses are marked in the English system but have a maximum aperture of 

//4.5 rather than//4. + 

From Eq. (18) we obtain, for the most general expression for the aperture stop, the 


expression, 


/ = f,{M + 1) 




As an example of the application of this relation, suppose exposure tables show that 
the proper exposure is sec. (io “ Ms) ^.t an aperture stop of//8 (/o = 8) if the 
film speed has a rating of Weston 16 {So ~ 16). If we use a film having a spee<l of 
Weston 32 {S = 32), a filter having a factor of 4 (F == 4), and choose an exposure 
time t = M sec. for identical conditions of illumination (/o = /), what will be tlie 
required aperture stop if the magnification may be neglecsted {M — 0)? Substituting 
values in Eq. (23), we find 

/ = 8 X 1 X ^ ri ^ ^ ^ 5 "" 


If the lens is marked with an aperture of //12.5, this should bo used, otherwise an 
aperture of//ll is likely to be nearest to the correct value. Intermediate/-number 
apertures can be obtained by setting the index of the iris diaphragm at a position 
intermediate between two markings. For all practical purposes //12.r) would li(' 
about one-third the distance from//ll and//16 and so on. 

Filter Factor .—The purpose of filters is to absorb light of certain portions of tlie 
spectrum, thereby modifying the quality of the light rcniching the negative. This 
modification of the quality of the light may be desired for technical or artistic reasons, 
but it always acts to reduce the amount of light rcuudiing the film from that whi<di 
would reach it if the filter were not used. In geiuiral, it may be said t hat t he nH)r(* 
dense a filter is, the more light it absorbs, and consecpumtly the longer must be the 
exposure time—other conditions remaining unchatjged—to produce! a giv(m film 
density. 

But the color of a filter, or, more correctly, itssp<Mvtral absorption, is also iini)ort.atU 
in determining the inc,rease in (^xposurti o(^ca.sion(^d by t Ini us(^ of tlu^ filt.C!r. d lu; more' 
light which a filter absorbs to which the film is sensitive, th(i gr('!at<u- will hi; the filtc'r 
factor, and the greattu' will l)e t lui-increase in <ixposurt> refiuircid as a result of using tin* 
filter. A filter absorlnng blue light may ai)p(iar yellow or orangt^ to the; ey(^ and may 
seem to be, visually, as dense as a bhui filter whicdi has its principal absorption at the 
red end of the visual spectrum. But it is quite likely that the yellow filtc'r will have 
the greater filter factor and conscMpunitly will reciuirci gn'ater in(n-(‘ase in (^xposun* 
than the blue filter. The reason for this is that th(^ film is usually morc^ Hensitiv(‘ to 
blue than to red light, so that the yellow filter will cut out rnort^ effectively th(i light 
acting on the film than will the blue filtcu’. It should be numnnbered that t he filter 
factor is not a constant for a given filter but depends upon the sp(ictral absorption of 
the filter (which is constant), the sptu'.tral sensitivity of the film, and the spiictral- 
energy distribution of the light source; useul. ConscHiiumtly the filter factor will changfj 
as the filter is used with different films or light sour(;es.' 

From Eq. (18) we can determine what effect the filter has on aperture stop, shutter 
speed, film sensitivity, or light intemsity, <;tc. From this ecpiation w(; find that 


^ “ a)(i)e7)Xf.)(S) 


(M -t- 1)= 


1 See chapter on Lip:ht Filters for further discussion of this point. 
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Ordinarily this equation is of little practical importance, although occasionally it 
may be foiiiid useful where a neutral-density filter is advantageous in cutting down 
the light without affecting the other quantities involved, as may sometimes be neces¬ 
sary when photogi'aphing bright souf'ces of illumination. 

For example, let the reference conditions be /So = 16, fo = Ho sec., and /o = 16. 
It is desired to determine the filter factor for a neutral (gray) filter when the Weston 
film speed is /S = 40, the aperture is/ = 4, and the shutter speed is i = Ho sec. The 
magnification, change in light, and transmission through the lens may be neglected. 
''J’he required filter factor is then 


F 


^ X 

} i 0 16 



- 40 


(26) 


If a ru'utral-densil.y filter is uh(h1, it should have a transmission of Ho t’l’ density of 


D = logio 7 p ~ logio 40 = 1.6 


(27) 


'Phis equation carinot be applied to filters having selective absorption unless the spec¬ 
tral (iharacteristics of the filter are correlated with those of the light source and film 
in arriving at the desired result. 

Shutter Speed .—The shutter speed may have two important functions in photog¬ 
raphy. Usually its most important function is to d(4,ermine the qxiantity of light 
reacihing the film by establishing thci time during which the light passes through thc! 
lens to th(^ photographh; material. Its other function is to limit tlie tinui of exposure 
so that th(! relative motion b(itween a moving obj(Hit and its l/ac^kground does not 
I)roduce a blur on thci negative. These two functions of tins shutter are entirely 
separates and distinct, although it may happtm that the shutt(m speed for obtaining one 
of th(^ d(',sired conditions is also that for obtaining the othcir. 

Sinc(^ tlu'se two functions are distinct, it is neces.sary to dotermim! tluur) separab'ly 
for th(^ (ixposure and sharpness ol image desircal. It is tlum neciessary to selecdi tin* 
most suitable^ shutter speed and to adjust the ap<nture, if necessary, for the film speetl 
;uul pnnmilitig light conditions. If tlu^ shutter speed re(iuir(al to stoi) motion is longer 
than that, nupiiretl to give ad(H|uate exposure, th<^ shutter speed det<mmined for proper 
(^X{>osur(^ should Ixvgiven. On the otluu hand, if the shutter specxl recpiired to stop 
motion is h^ss than that n^ejuired to give projxir exposure, the shutter spe(xl should he 
us(hI which will prevent blurring, and the/-nund)er should b(! decreased to that value 
whic.h will produce tlu^ dt^sinxl (!xt)osure. 

In ordc'r that thc api)ar(uit motion of a moving ol)jec,t may be eliminated in a 
I)h<)togra.ph, it. is lUHX^ssary that t.he shutter spc(id b(^ sulTiciently rapid that no appreci- 
al)l(! mot ion of t lu^ ol)j(Md, is a,ppar<mt while th(^ shutbu- is opened. Tlie actual exposun' 
t.ime nupiircd to st.op motion will d<^p(md upon the focal hmgth of thci Urns, tlu^ distance 
Ixd.wecm t he cannu’a aixl tlm moving object, and upon tlui spcxxl ol th(^ moving object. 
It will also depemd upon the dinxdion of motion with resp<M-.t to the camera, for a 
slightly longer exposure can be given, for a .sixunfied velocity of travel, if the object is 
coming t.ovvard or is recxxling from tlu^ camera rather than moving dir(xd,ly across tlui 
fic'ld of view. 

dahle 111 indie,at(;s the long('.st exposun^ tinuvs whi<di may bo r<^garded as being 
satisfactory to stop motion for i\w (x/nditions stipulated. Faster shutter speeds may 
be given if unusually sharp tu'gativo^s ar<' desirtxl, but light (‘onditions, film, speed, 
aperture stop, and other inattou's affecting exposure must Ix! taken into account to 
ascc^rtain tliat tiui film is not underexposed. Slower shutter speeds should not be 
given unless some l)lurring of the image is tolerable. 
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Table III.— Shutter Speeds Required to Stop Motion on the Photograph 


Relative motion 

Distance between camera and object being photographed in multiples of the focal 

length of the lens system, F 

between, camera 







and object, 

60F 

lOOF 

160F 

250F 


lOOOF 

m.p.h. 








Shutter speeds, fractions of a second 

0-1 

0 

Mo 

M 2 

Ko 

H 

Vi 

2 

>tSo 

Mo 

Ms 

Ks 

M 

K 

3 

}A 0 0 


Mo 

Ms ' 

K 2 


4 

M25 

Ms 

Mo 

Mo 

Kb 

H 

6 

Moo 

Moo 

Ms 

M 0 

Ms 

Ko 

8 

Mso 

Mso 

Moo 

Mo 

Mo 

Kb 

10 

Moo 

Moo 

M 25 

Ms 

Ko 

M 0 

16 

Moo 

M 0 0 

Moo 

M 26 

Mo 

0 

20 

}^i 0 0 

0 0 

Mso 

Mso 

Ms 

Mo 

30 

Mooo 

Moo 

Moo 

3-^5 0 

2 5 

3^0 

■ 40 

M 2 0 0 

Mso 

Moo 

3'^oo 

Mso 

3^6 

60 

000 

}A 0 0 0 

Mso 

Moo 

Kao 

Vi 00 

80 

M-roo 

li 5 0 0 

Mooo 

0 0 

y 'i 0 0 

M so 

100 

}'i, 0 0 0 

/ 2 0 0 0 

3 1 2 5 0 

31- 5 0 

} A 0 0 

li 0 0 


The maximum shutter speed which is attainable with between-the-lens shutters 
is about Moo soc. Faster shutter speeds may be obtained with focal-plane shutters. 
However, when a focal-plane shutter is used to photograph objects in rapiti motion, 
distortion of the object is very likely to result. This is because the slit in the focuil- 
plane shutter travels across the negative at. a comparatively slow speed, while the 
image of the object travels across the plate. Depending upon the direcition of the 
shutter motion relative t(i that of the moving ohject, focal plane distortion of this 
sort may result in foreshortened, lengthened, or tilted images. There is no remedy 
for this type of distortion, although it becomes less serious as tbe speed of the moving 
object is reduced and as the distance between the moving object and the camera is 
increased. 

Changes in shutter speed which may l)c required when changes are made in aper¬ 
ture stop, film speed, intensity of liglit, or other facttors may be found from the relation : 

For example, suppose that the exposure tal)le is calcvdated for reference W(^ston film 
speed of = 16, reference aperture/o = 16, and basic exposure time to — Ms 
and that it is desired to d<!t(umiine the exposure time for a film speed aS’ = 8 at an 
aperture / = 32 with a filter factor F = 1.6 when the subject is so small that M 0. 
Using the above equation we find the new exposure time to be 

t = M5 X 1.5 X X 2 X D = 1^6 ^ M (29) 

Film Sensitivity or Speed. —T'he sensitivity or speed of negative materials is an 
important factor in determining the exposure required to produce a given deposit of 
silver. Various methods of determining the speed of photographic materials are in 
use; these methods are discussed in tbe chapter on Photographic Sensitometry and 
will not be treated here. It is sufficient to say that in all the common methods of 
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specifying film speed, the larger numerics indicate the faster (more sensitive) materials, 
i.e., those requiring less exposure to produce a given density on the negative. All 
other factors remaining constant, the quantity of light reaching the film may be 
reduced more and more, for a given density, the higher the speed of the film, provided 
the speed numbers are all in the same system of measurement. The speed numbers 
in the various systems do not progress in the same proportion as film speed increases, 
however. 

So far as concerns the determination of exposure, the film-speed number has its 
principal value in connection with exposure meters which are calibrated in one of the 
various systems. It may be presumed, therefore, that, when a film and an exposure 
meter are both marked in the same system of film-speed units, the exposure conditions 
calibrated on the exposure meter will apply directly for the film marked in that system. 
Frequently it happens that an exposure meter is calibrated for one system of speed 
rating, whereas the film speed or sensitivity is given in another system. By means of 
the film-speed conversion table (see Appendix B), it is possible to determine approxi¬ 
mately the equivalent speed of films in the varioiis systems and, from the appropriate 
conversions, to make use of the dissimilar ratings of the film and meter calibration. 
In making such conversions, however, it must be remembered that the various speed 
systems may have been based on fundamentally different methods of measurement 
and that the equivalent conversions are determined empirically from measurements 
on a large number of films. Thus, while the conversion factors given represent aver¬ 
age values, it is quite possible that some particular emulsion may not fit average 
conditions, and in such instances the conversion equivalents may be considerably in 
error. 

The spectral sensitivity of the film has an important l>earing on the exposure. 
Panchromatic materials are sensitive to all visible light Imt have maximum sensitivity 
to blue light and decreasing sensitivity throughout the rc^st of the visible^ spectrum. 
However, the sensitivity even to red light is sufficient that no <liffi(‘,ulty will l)e encoun¬ 
tered when objects of vario\»8 colors are photograpluHl or when lights of various colors 
are used for purposes of illumination. Orthochrornatic materials, which are insensi¬ 
tive to the red and possibly orange portions of the visibh^ spe:(“.tr\im, reciuire long('.r 
(exposures in yellow or orange light than panchromatic mat(‘.rials having tlui same 
daylight speed. Ordinary (or blue-sensitive) materials are sensitive only to the blue 
region of the visible spectrum, so that it may be (piite in\possible to Tuake photographs 
with red or orange light, no matter how long an exposure is made. It is because of 
the change in spectral sensitivity tliat most films an^ now given two film spcunl ratings. 
One of these is a rating for light of daylight quality, having a.i)proxiinately eciual tmcirgy 
in all portions of the visible spectrum. The other fibn sv)twd is giv(ui for ilhunination 
by tungsbm lamps operated a,t t(unp(‘ra.tur(^s at about 2800 to 3000"K. For plioto- 
flash and photoflood illumination, iii which th<^ lamps operate at temperatures of 
3200 to 3300°K., an appropriate film-speed rating will usually be somewhere betw(H‘n 
the daylight and the, tungsten film-sp(H‘d rating, althoiigh, if there is any doul)t, the 
rating for tungstem lamps should b(^ used. 

If we know as n^fenmer^ (conditions the apertunc sto[) /d, the shutter speed h), tluc 
film 8pe(*d A'o, and thc! inf.ensity of ilhutiination /(, for (‘(u-tain ('xposurtc conditions, vv(^ 
may determiruc new vahucs of a.p(u-ture stop/, shutter sixccid t, film ap<Hcd, and intcensity 
of illumination / for a prop(>rly exposed lucgative. J'Vom Fep (18) we hav(c 

«- (t) 

As an example, suppose an aperture stop of //8 is r(aiuired for c.(crtain conditions 
when th<i film speed has a rating of Weston 8 and the shutt(w speed is -io Htic If tlie 
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light is doubled, and a shutter speed of Ho sec. is used with an aperture stop of //16, 
what is the required film speed? The magnification and transmission factor may be 
neglected, and no filter is used. From these conditions we find that “ 8, F — 1, 
/o = 8, / == 16, to = ^ = Ho> a-nd lo/I = 0.5, since the final illumination / is 

twice the initial illumination 7o. From these values we obtain, from Eq. (30) 


S - 8 X 1 X X (|s) X H 8 


(31) 


so that a film of the same speed is suitable. 

Exposure with Supplementary Lenses .—Sometimes supplementary lenses are used 
to increase or decrease the equivalent focal length of a lens. Since the addition of the 
supplementary lens does not change the engravings of the /-numbers, whic.h are a 
measure of the diameter of the aperture, but does change the focal length of the lens, 
the supplementary lens changes the effective /-number of the combination so far as 
this is a measure of the light-collecting power of the lens system. Consequently the 
exposure is altered from that required when the supplementary lens is not used, at 
least so far as the engraved /-numbers may be taken as an indication of exposure. 

The manner in which the actual exposure must be modified because of the change in 
focal length when a supplementary lens is used may be easily determined. Let Eo l>o 
the exposure which is required for a given set of light conditions when the focal length 
of the lens is Lo and the diameter of the aperture is do. Let E be the exposure rociuircul 
when the supplementary lens is used with the regular lens, so that the fo(uil length of 
the combination is now L. The diameter of the aperture stop, as indicated by th<^ 
engraved /-numbers remains unchanged and is fherefore do. Thou tlus ongraviul 
/-number will be 


/o 


h 

do 


(32) 


whereas the true/-number of the coinbination will he 


/ = 


d(» 


(33) 


Thus for a given aperture the/-number is directly proportional to the focal hmgth of 
the combination lens system. In terms of the tixposurt' reejuirod without th(‘ kii|)[)Io- 
mentary lens, the exposure required when tlu^ .supphutuuitary hms is used will bt‘ 

ji = E..(j-y = K,(^y (34) 

Sometimes the magnification which the suppleimuitary hms produces will bo givu'u 
rather than its effect on the focal length. 'Pho/-mimtx'r of tlie combination of tliis 
case will l)e 

/ =/o(^/ -t- 1; CJD) 

in terms of the engraved/-numbers and th<^ magnification A/, wlH'n'Hs (h(> oxpoHuro 
will be 

E = Eo(A1 I)^ (3()) 

in terms of the magnification and the exposun^ without the supiihunontary lens. 

As an example, suppose we have a lens of 15-cm. foc.al length with a maximum 
/-number of 4.5. Then the maximum aperture will be do — Lo/fo = 15/4.5 = 3.33 
cm. If we use a supplementary lens which makes the combined focal length equal t<i 
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25 cm., then the maximum /-number will be / = 25/3.33 =» 7.5. The exposure 
will then be 

E = = im^Eo = 2.76Eo (37) 

or two and three-fourths that of the exposure without the supplementary lens. If a 
supplementary lens were used which decreased the focal length of the combination, the 
/-number would be reduced and the exposure with the supplementary lens would be 
less than that required without it. 

In order to reduce to the minimum the mental labor involved in calculating expo¬ 
sures when making enlarged or reduced photographic images, Table IV has been 
prepared. This table shows the increase in exposure which is required for various 
magnifications from Moo to 100 in column 2. In the third column, the ratio of the 
increase in exposure to that required for copying natural size is given. 

Exposure with Single Elements of Lenses. —When a single element of a doublet is 
used rather than both elements (as in convertible lenses), the focal length of the single 
element is increased beyond that of the complete lens. So far as the exposure is 
concerned, the situation is very nearly the same as if a supplementary lens were used 
to increase the eqxiivalent focal length. Consequently the remarks made under the 
paragraph above apply equally well here. 

Exposure p)ith Telephoto Lenses. —^l''he function of a telephoto lens is to produce 
large images of distant objects with r<ilatively short bellows extensions. A telephoto 

Table IV.— tRelative Exposure fob Enlaroing or Reducing Size of Photograph 




(I -t- 


121 
144 
KiU 
19(5 
225 
25(5 
‘.^89 
T24 
3(51 
400 
441 
529 
(52H 
729 
84 i 
9(51 
1 ,29(5 
1 ,(581 
2,11(5 
2,(501 
3,18(5 
3,721 
4,36(5 
5,041 
5,77(5 
(5,6(51 
7,39(5 
8,281 
9,12(5 
10,201 


Relative 

exposure 


ao. 25 

3(5 

42 

49 

5(> 

(>4 

72 

81 

90 

100 

no 

132 

15(> 

182 
210 
240 
324 
420 
529 
(550 
784 
930 
1,089 
1,2(50 
1,444 
I, (540 
1,849 
2,070 
2.304 
2,550 
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lens consists of a positive doublet lens, such as are found in all good cameras, behind 
which is placed a compound negative lens at approximately half the distance of the 
focal length of the positive element. The telephoto lens may be constructed as a 
complete lens system, in which case fixed magnification is obtained, or it may be made 
by adding the negative element to the existing camera lens. In the latter case the 
size of the image is variable, since image size depends upon the separation between 
the two elements, which separation in turn is variable. 

Fixed telephoto lenses are focused in the usual way, and no difficulty is encountered 
in determining the exposure. The procedure is the same as determining the exposure 
for any ordinary lens, since the equivalent focal length and aperture stops are specified 
by the manufacturer. 

For telephoto^ lenses having variable focus, the determinations of exposure and 
magnification are not so simple as in the case of fixed-focus lenses. If Lp is the focal 
length of the positive lens element, is the focal length of the negative lens element, 
M is the linear magnification obtained, and d is the bellows extension, the equivalent 
focal length of the combination is 

Lf = MLp (38) 

and the magnification obtained is 

M = 1 -h ^ (39) 

I-Jn 

'The equivalent aperture stop of the telephoto lens/c in terms of the. aperture stop 
marked for the positive lens clement fp is 

/, = Mfp - fp(^l -h (40) 

It should bo noted that for any given magnification tlie equivalent aperture of the 
telephoto lens is always M times the aperture stop of the positive element. 

For example, if we have a 15-cm. positive lens with an aperture stop of //5.fi, a 
negative lens of 8 cm., and the bellows extension of 24 (“nis., the magnification is 

M = 1 -f 2^ = 1 + 3 = 4 (41) 

The foca,l length of the combimitior. of lenses is 

Lf = a X 15 = 60 cm. (42) 

and the maximutn apert\ire 

= 4 X 5.6 = 22.4 (43) 

Whcui the (Hiuival(a)t ap(^rtur<^ stop is determined, tln^ telephoto lens may be uh(m1 
the same a.s any other lens and the exposure is determined with tables and exposure 
lueters in th(^ usual maniuu’. 

Absorption and Reflection in Lenses .—The amount of light transtjutted through a 
hms depends not only upon the /-number and quantity of light incident upon it b\it 
also upon the amount absorlxid in passing through the individual elements and that 
reflected from its various surfa.c(5s. The light transmission dcHua^ast's as the number of 
elements of a hms incrc^ases, so that for a given apertuni stop a sitnple lens may easily 
transmit more light than a more complicated and more highly corrected lens. Thus, 
so far as light transmission at a given apertures is comu'srned, a iihuuscus lens may 
transmit more light than a Tessar or Plasmat, and (u)nse(iuently may a “fastc'r" 
lens. Since the amount of light transmitted through the lens determines the exposure, 
it is apparent that all lenses do not produce the same exposure under identical light 
conditions and when used at the same aperture. It is, of course, true that the loss of 
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in a lens is not serious in the majority of cases arising in practical photography 
and that the latitude of film is sufficient to render absorption and reflection effects of a 
lens negligible in most cases. 

On the other hand, the absorption and reflection of light which occurs in lenses is 
important for four practical reasons. Loss of light may be of considerable importance 
in those cases where very short exposures must be given under very unfavorable light 
conditions. Secondly, a lens of simple construction may actually transmit more light 
than a more elaborate lens of greater aperture (smaller/-number). Since the price of a 
lens is roughly proportiopal to its maximum aperture, it may actually happen that a 
simple, inexpensive lens having an /-number of //2 is actually faster than 
a more complicated and expensive lens having an aperture stop of //1.5. 
If speed is the only consideration, the less expensive lens may very easily be 
the better buy. In the third place, the fact that not all lenses have the same 
transmission at the same aperture stop gives support to the recommendation of expo¬ 
sure-meter manufacturers that the exposures determined from the meter may have to 
1)6 altered in certain individual cases and that correction factors may have to be 
determined for each lens or camera. Finally, reflection of light from the surfaces of 
the individual glass components results in scattered light which decreases the contrast 
of the negative and may produce a dull print where a sparkling contrasty result was 
expected. 


TabliK V.—Abborptiont and Replbotion of Cemented and Uncemented Lenses 



In g('m‘nd, as may be s<'<‘n from Table V,’ mon^ light is lost by reflection from 
uncementeil surfaces Hum is lost by transmission through a glass component. The 
loss of light at, ceiiumted surfaces diu! to reflection is generally negligible. It should be 
not(Hl that t h(^ Dagor consists of four uncetnent<Hl ehunents, whereas the Syntor con¬ 
sists of si.x ceni(uit<al piec(^s of glass. lioth letises wiu’O inarkcul as having a maximum 
apmtur(' of //fi.H. Hut tin* Hynt,or transmits about H3 peu (amt as much light as the 
Dagor, and so far as light effici(mcy is coiu^erned, tlu^ Hyntor at//f).8 is equivalent to 
t/ie Dagor slopped tlovvn to//7.5. 

Exposure for Near-htj Objects. the lens Is extended beyond its infinity posi¬ 

tion for photographing ohje<;ts luuir-by, f.he/-numl:)er engraved on the lens is no longer 
an accurate index of the light-gatla^ring power of the lens, and consequently the indi- 
1 CtompilcHl from <lata Kiv«m on p. 81, Ncblotte, “ PhotoKi aphy—Principles and Practice,” Ist ed. 













228 


HANDBOOK OF PHOTOGRAPH V 


cated /-numbers lose thei,r meaning in relation to the required exposure. The equiva¬ 
lent /-number and exposure under such conditions are given by Eqs. (35) and (36), 
respectively, in terms of magnification obtained. They may also be given in terms of 
the lens characteristics. 

Let Lo be the principal focal length of the lens, i.e., the focal length for an object 
at infinity, and let L be the equivalent focal length when the bellows is extended for 
photographing near-by objects. Also let/o represent the aperture marked on the lens 
and / represent the actual /-number. Then the actual /-number when the bellows is 
extended, as for copying, is 


/ = /.(^) = /.(M + 1) 

(44) 

whereas the exposure required is 


E = = Fo(M + 1)2 

(45) 


where Eo is the exposure required under the same conditions but with the lens at its 
infinity position. 

For example, suppose we know that an exposure of M 5 sc'C- is required at apertun^ 
of//4.5 when a lens of 15-cm. focal length is set at its infinity position. It is required 
to know the equivalent /-number and exposure when the lens-to-plate distance is 
increased to 30 cm. Froiu the above equations involving focal lengths, we find the 
equivalent /-number to be 

/ = 4.5 X =//9 (46) 

Methods of Determining Exposure. —There are three possible methods ot determin¬ 
ing photographic exposure: (1) estimating or guessing at it on the basis of past experi¬ 
ence; (2) using exposure tables, calculators, or guides; and (3) using exi)osure metcirs. 

Estimating or guessing light values is extremely difficult because of the self-adjust¬ 
ing, features of the human eye by which the iris automatically adapts the (\yo to light 
levels over a wide range. The use of exposure tables, calculators, or guich^s is of some 
assistance, but nevertheless experience is required to judge whetluw the light is inhmse, 
bright, or cloudy-bright. Furthermore, the eye cannot see “light” having wave¬ 
lengths shorter than 400 nm, and it is the wavelcaigths l)c4ow those tlnit th<^ vyo. cannot 
see to which the photographic materials are usually most semsitive. Exposun^ met('rs 
are generally preferred to the previous methods outlined. There arc^ three g(m(u-al 
types of exposure meters: (1) actinometers, based on th(^ use of simsitive paper which 
darkens upon exposure to light, (2) visual exposure meters which measure reflected 
light through the medium of the human eye, and (3) photoelectric meters, capable of 
measuring either direct or reflected light by means of a photoelectric cell and a sensit iv<^ 
clectric-current meter. The construction, use, advantages, and disadvantagj^s of 
these various types of meters will be considered in greater detail in a later section of 
this chapter. 

Relative Success Obtained with Various Exposure Aids. —d'he succtiss which may 
be expected from the use of tluise various exposure devices depends upon tluar intelli¬ 
gent use and an understanding of their operation and limitations. It is tx^ported' that 
Milbauer has found that the percentage of correct exposure given by these devi(‘es is 
as shown in Talde VI. While these exact figures may not be supimrted by other 
observers, especially since the manner in which the results were obtained is not 
specified, it is safe to assume that the figures given by Milbauer are rtiasonable and at 
least approximately correct. Presumably these figures apply to amateur i)hot.og- 

1 Foi, Rundschau, 14c. (No. 20), 348 (1937). 
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raphers, for professional photographers should certainly be able to determine exposure 
correctly, even without any aids, more than 45 per cent of the time. 

Economic Justification for Exposure Meiers .—If we adopt Milbauer’s figures as 
given in Table VI, it is possible to arrive at some conclusions regarding the economic 
justification of photographic exposure aids. 

Table VI.— Cobrbct Expobure Obtained with Various Exposure Aids 


Percenta|!,e of 

Exposure Device Correct Exposures 

Exposure tables.. 46.0 

Slide-rule devices, circular calculators, etc... 47.2 

Visual-type exposure meters, carefully used. 87.8 

Photoelectric exposure meters. 97.3 


By discarding exposure tables for exposure calculators of the slide-rule or disk 
type, it is possible to increase the number of properly exposed negatives from 45 to 
47.2 per cent, a gain of 2.7 per cent. If a visual type of instrument is employed, the 
gain in correct exposures jumps from 45 to 87.8 per cent, representing an inprease of 
32.8 per cent. Good visual-type exposure meters are available in the United States 
for less than $3, and if their use assures that an additional 33 per cent of the negatives 
which are taken will be properly exposed, the meter will have paid for itself by the 
time $10 worth of film has been exposed. 

On the basis just outlined, the use of a photoelectric exposure meter cannot be 
economically justified so easily because of the greater expense of these meters and the 
fact that the maximum possible imi^rovement remaining is only 12.2 per cent. But 
the use of a photoelectric exposure meter will enable 52.3 per cent more films to be 
correctly exposed than exposure tables, and 10.5 per cent more than are correctly 
exposed with visual exposure meters. If $20 is assumed to be the price for a photo¬ 
electric expostin^ meter and that it will give an additional 52.3 per cent of correctly 
exposed film than exposure tables, it will take a film expenditure of $40 to pay for the 
metier. Tlu' 12.2 per cent improvement of the photoelectric type ov(w the visual type 
of meter is attained with an expenditure for the meter of an additional $17. Th<5 sum 
will be amortized by a 12.2 per cent increase in properly exposed negative's after $139 
worth of films have been exposed. 

But an exposure nuiter merits consideration aside! from the purely monetary aspe^ct. 
The picture is the final residt that is desired, and one phvture may well he worth the 
cost of the met(!r in lu^sthetic value to the maker or commercially on thc'. photographic 
niark(d,. 

Exposure Devices. Use of Exposure 7’a6Zc,s.—lIndovd^t(Mlly the Ix^st nud hod avail¬ 
able for determining the pro[)er exposure of photographic mabwiiils und('r most condi¬ 
tions (and for most brandies of photography) is the proper use of t he phoUx'hictric type 
of exposure metCir. Although the prices of these units have been redueerl considerably 
in the |)ast f«'W years, tfi<\y are still retaiively exiiensive and are beyond the means of 
some photogra.|)lK!rs. In such cas<'s rtecaxirsi! may be ma<le to visual exposure meters 
or to exposuri! tabh^s or cialculators. 

Ueasonably ('xttmsive exposure tabh^s an; irxrluded in this cliajiter as an aid to 
the dt!t(U'inina(ion of the correct exposure. Such tallies must be UH(!d with judicious 
discretion, and their use do(!s not assure that propiu' exposuri! will always be attained. 
They can give only uiiproximate exposure values whi(!h, on the basis of experience, 
have provcnl satisfactory for the conditions to which tlu'y apply. Unusual conditions 
( ticountered in practi<!al photography may fnxpiently nxiuire that the photographer 
deviate somewhat, from the exposures indicates in the tables. 
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For. convenience in use, the tables are divided into the following sections: 

1. Black-and-white still photography. This section includes much basic data 
which is also applicable to other types of photography. 

2. Color still photography. 

3. Black-and-white motion-picture photography. 

4. Color motion-picture photography. 

Within each group will be found representative, or basic, exposure data which may 
be used as a guide for various lighting conditions including lighting by photoflood, 
Mazda, and photoflash lamps, as well as by daylight. 

Conditions for Which Tables Are Determined. —The basic exposures given in the 
following tables are recommended as being approximately correct for the conditions 
stipulated in the title; additional conditions for which the tables apply will be found 
in the notes at the bottom of each table. In general, the tables are determined for 
those film speeds, apertures, shutter speeds, and lighting conditions which are believed 
to be most typical and consequently most frequently used. However, the exposure 
tables may be extended to apply to other conditions not listed but which the photog¬ 
rapher may elect to use for some particular reason or another. The tablds of basic 
exposure may be extended to apply to conditions other than the typical conditions by 
making the necessary alterations for various film-speed ratings, apertures, shutter 
speeds, and filters derived from Eq. (18). 

In establishing the data for these exposure tables, it was desirable that some 
method be adopted to express the speed or sensitivity of the various types of emulsions 
which might be used in practice. Because of the soundness \ipon whi(!h the method is 
based, the excellent results which practical photographers have achieved using it, its 
rather extensive adoption in the photographic field, and the comparative ease with 
which the photographer can obtain speed ratings of a wide range of emulsions, the 
Weston film-speed rating has been chosen as the standard in the determination of the 
exposure tables.^ The table of film-speed ratings given in Appendix B will assist 
the photographer in determining the speed of the film used. 

Tables for Black-and-white Still Photography. —Listed among the tables giving 
basic exposure data for monochrome still photography are a niimber of tables whndi 
apply equally well to color or to motion-picture photography. They are includc’sd here 
since it is intended that this section give as much fundamental data on exposure as 
possible. The tables in other following sections of this chapter apply to those specJal- 
ized cases where the specific type of photography demands a somewhat different treat¬ 
ment of exposure than can be given here. 

Table VII gives the relation between the aperture (in both the / and the uniform 
systems—U. S)) and the relative exposure. The table may be used to convert an 
exposure with any given aperture to the exposure time n^quired for an entirely differ¬ 
ent aperture, by forming a simple ratio. For example, suppose the tables of exposun^ 
indicate that the proper basic exposure is to = at an apertures/o = 8, but that 

we desire to find the exposure for an aperture / = 5.6. The relative exposure for 
/ == 8 is 64, whereas for / = 5.6 it is 32. Since the apertuire is increased in size, s. 
smaller exposure time will be required and will in fact be times }fn Mo 

The absolute values of numbers in the third column have no significtance, and w(‘re 
chosen so that all figures would be greater than unity. The numbers have significance; 

1 The photographer may make conversions to other methods of film speed, if he chooses, by means 
of the table of relative speed values given in Appendix B. However, it is recommended that the factors 
enumerated in Speed or Sensitivity, p. 190, be given careful and thoughtful consideration before tlu^ 
tables are converted to other film-speed ratings, as the systems by which film speed is determined vary 
widely. In any case the use of the Weston speed ratings is to be preferred to other speed ratings when 
using the exposure tables in this chapter. 
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only as indicating the relative exposures between the various apertures, as indicated 
in the example above. 

Table VIII gives basic exposure data for the photography of outdoor subjects in 
daylight. For purposes of simplicity, this table has been reduced to the minimum 
amount of essential data which requires consideration and consequently should be 
used as a guide rather than as providing exact data. It is suitable, without correction, 
for clear days when the sun is shining unobscured and for films having speeds of Weston 
24 to 48, and it applies for the larger part of the day. The table is supplemented with 
footnotes outlining the conditions for which the table applies and giving data on 
extending the range of the table. 


Table VII.— RELA'rioN between Apertures and Relative Exposure 


Aperture 

Relative 

exposure 

Aperture 

Relative 

exposure 

Number 

u. s. 

Number 

U. 8. 

//l.o 

0 . cm 

1.00 

//ft 

5 

81 

//1.2 

0.088 

1.44 

//n.3 

8 

128 

//1.4 

0.125 

2.00 

//12.6 

9.8 

166 

//1.6 

0.141 

2,25 

//16 

10 

266 

//1.7 

0. 18 

2.88 

//18 

20 

324 

//2.0 

0.25 

4.00 

//22.ft 

32 

612 

//2.2 

0.80 

4.84 

//25 

40 

626 

//2.4 

0.30 

5.70 

//32 

64 

1,024 

f/2.8 

0.50 

8.00 

//3ft 

1 80 

1 , 296 

//3.2 

0.64 

10.24 

//46.2 

128 

2,048 


0.77 

12.25 

//60 

150 

2,500 

//4.0 

1.0 

16.0 

//ft4 

25() 

4,096 

//4.6 

1.2(i 

20.25 

//72 

024 

6,184 

//5 . (5 

2.0 

82 . 0 

//{)(). .5 

512 

8,192 

//ft. 3 

2.5 

;u). 7 

//100 

(i25 

10,000 

//H 

4.0 

{\4 . 0 





The exposure for outdoor Hubjcnds dcpeiiuls upon the (juantity and (|uality of light 
which is availal)le, and these in turn d('pend upon (he time of day arul the latitude as 
well as the state of tlu^ sky. Ta.l)le I .X shows the variation in light during the day for 
eh'ar sky with sun shining unohstrueted. Th(^ 1,al)le is cnhnilated for l)oth the northern 
and southern hemispheres for latitudes as great a,s (55®. It may be used without 
('orreetion for fidly panehromatie. materials to within an hour of svinrise and sunset. 
For orthoehrorna tic materials, 1 he (>xposur(\s may l)e doubled or tripled within 2,V^ hr. 
of sunrise' and sunset, ddie table dexus not show the exact exposure reqeiired for certain 
film speeds and aperturc^s hut merely indicates the manner in which the light varies 
throughout the day. If th(' correct (^xposure is knowii for a specified hour at a certain 
latitudes and a given time of the y<^a.r, the tabU^ may be used to imlicate the correct 
exposure at other periods of the day and time of y<‘ar, and (wen for otlnu’ latitudes, 
within reason. For exami)le, suppose; th(^ correct ('xposuix' for a ch^ar day in New 
Y'ork Clity (latitude 42° N.) at 10 a.m., June (Fasbwn standard tinu^ or 1 1 A.wr. day¬ 
light-saving time), is found to be ' (o sec. TahU; 1 .\ shows that the relative light for 
this condition is 1.5. For tin; saim; film spewed and aperture tlui exposure time may now 
h(^ found for some other titiie of day. At 5 I‘.m., for example, the relative exposure due 
to decreased light is found to be 3. Thus the shutter speed should be increased by the 
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factor 3/1.5 = 2, so that for taking a picture in New York at 5 p.m. in June, the correct 
exposure time would be H sec. if Mo sec. were correct for the exposure at 10 a.m. 

Table X gives basic exposure data for indoor photography using daylight only. 
Like Table VIII it has been reduced to the simplest possible form, and consequently 
should be regarded as being suggestive rather than providing exact data. It may be 
used for films having speeds of Weston 10 to 20 without correction. The tables are 
calculated for that part of the day in which the intensities of daylight are greatest. If 
desired. Table X may be corrected with the data provided by Table IX. 

Table VIII.— Exposures por Black-and-white Still Photography in Daylight 


(Weston Rating-'—24 to 48) 


Subject 

Aper¬ 

ture 

Sky conditions 

Intensely 
blight day 

Direct sun 
on bright 
day 

Slightly 
cloudy, 
bright day 

Dull day, 
sky over¬ 
cast 

Very dull 
day 

Shutter speed, sec. 

A. Clouds; open sno'sv and glacier 

//32 

Ho 

M5 

Vh 


H 

scenes; open sea; snow "‘against 

//Ki 

3^ 2 5 

3^ 0 

Mo 

Ks 

H 

the light'’ 

//8 

3'^ 0 0 

3 ^ 5 0 

H 25 

3^ So 

3^0 


//4 

3^2 0 00 

K 00 0 

H 0 0 

.3-2 5 0 

3'-^2 5 


//2 

3^^0 00 

3^4 0 00 

}4 .000 

0 0 0 

3*^0 0 

B, 8p)ort scenes in snow or glacier; 

//32 

K2 

H 

>2 

1 

2 

open landscape} or beach; sport 

//Ki 

3 i 0 

3^2 5 

H 2 

3-i 

3^2 

scenes in open; landscapes with 

//8 

3^2 0 0 m 

K oo 

3 k 0 

3 d2 5 

Ha 

light foreground 

//4 

1 ./ 

V8(y) 

>4 0 0 

}i 0 0 

3 f 0 0 

3^ 0 


//2 

3^^ 2 0 0 

H 60 0 

* 8 0 0 

3^ 4 0 0 

3"^ 0 0 

C, Wide streets and squares; light 

//32 


1 

, 2 

4 

8 

buildings; woods and land¬ 

//l<i 

3" 8 


32 

1 

2 

scapes with dark foregrounds; 

//8 


H .-i 

,!h 

3.4 

yi 

figures and groups in open, or 

//4 

2 5 

Ho 

H 0 


H 

at edge of woods 

//2 

‘ ^ 0 0 

Hso 

3 1 2 5 

W 0 

3^^o 

D, Buildings and rocks dark or 

//32 

2 

4 

8 

1(> 

32 

against the light; persons and 

//!» 


1 

2 

4 

8 

groups in shade of trees; p(U’- 

//8 


’4 

3'2 

1 

2 

sons and objects at windows in 

//4 

'•iio 

‘ { 5 

‘h 

1 / 

y A- 

3-2 

scene; narrow streets; light 

//2 

2 6 

3 0 

yi 0 

Mn 


woodlands 








This table shows recommended exposures for four different types of subjeotH and five different sky 
conditions which are typical of conditions likely to be encountered. 

1. Li^ht ValuBB,—The li^];ht values are (uilcidated for those conditions for iv*hi(di the li^ht vadue in 
Table IX is unity (1). For other light values, multiply the shutter speed by the factor given in Table 
IX. The corrections for sky conditions are in addition to those given in Table IX for various latitudes 
and times of day, 

2. Film Speed.—Tables are based on daylight film-speed rating of Weston 24 to 48. For other 
Weston film ratings, the shutter speed is inversely proportional to the Weston speed. 

S. Time of Day,—Table ar)plie8 to within 1 hr. of sunrise and sunset for panchromatic materials or 
within 21^^ hr. of sunrise and sunset for orthochromatic materials for all latitudes up to about 55®. 
For greater latitudes the tables cannot be used so close to sunrLse or sunset without additional exposure. 

4. Aperture.—Recommended exposures for five standard apertures are given. For converting to 
other apertures, see Kq. 23. 
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Table IX.—Showing Variation of Exposure Dub to Changes op Light during 

THE Day 
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Table X. —Basic Exposures fob Black-and-white Still Photography, 

Indoors: Daylight 


(Weston Ratings—10 to 20) 



Aper¬ 

ture 

Sky oonditions 

Intensely 

bright 

day 

Direct sun 
on bright 
day 

Slightly 

cloudy 

day 

Dull day, 
sky over¬ 
cast 

Very dull 
day 

Exposure time 

A. White walls, and more than 

//32 

20 s 

40 s 

1>2 

3 m 

5 m 

one window 

//16 

6 s 

10 s 

20 8 

40 a 

m 


//8 

1 s 

2 s 

4 8 

8 s 

15 a 


//4 

H s 

}' 2 S 

1 s 

2 s 

4 s 

B. White walls, only one window 

//32 

30 s 

1 m 

2 in 

4 in 

15 in 


//IG 

7 s • 

15 s 

30 8 

1 m 

4 m 


//8 

2 B 

4 s 

8 8 

15 s 

30 s 


//4 

8 

1 s 

2 s 

4 s 

8 B 

C. Medium-colored walls and 

//32 

40 s 

IK rn 

2>i III 

5 m 

10 m 

furnishings, more than one 

//IG 

10 B 

20 s 

40 s 

IH 

3 rn 

window 

//8 

2 >.i s 

5 8 

10 s 

20 8 

40 8 


//4 

1 s 

2 8 

4 8 

8 8 

15 s 

£). Medium-colored walls and 

//32 

1 m 

2 m 

4 rn 

8 rn 

15 rn 

furnishings, one window 

//IG 

15 s 

30 s 

1 m 

2 m 

4 rn 


//8 

4 s 

8 s 

15 s 

30 a 

1 ni 


//4 

1 s 

2 s 

4 s 

8 8 

15 8 

B. Dark-colored walla and fur¬ 

//32 


3 m 

f) m 

12 m 

25 m 

nishings, more than one win¬ 

//IG 

20 B 

40 s 

l>'i m 

3 m 

5 in 

dow 

//8 

• 5 s 

10 B 

20 8 

40 8 

rn 


//4 

1 s 

2 8 

4 8 

8 s’ 

15 H 

F. Dark-colore<l walls and fur¬ 

//32 

3 m 

f) rn 

12 in 

25 m 

50 m 

nishings, Ofdy one window 

//IG 

40 s 

1>2 m 

3 m 

6 m 

12 in 


//8 

10 s 

20 s 

40 H 

1^2 rn 

3 m 


//4 

21 2 s 

5 8 

10 H 

( 

20 H 

40 H 


Table X gives the reconiriKMided expoHurc^ for indoor subjects lighted by daylight. BecauHe indoor 
photography is subject to widely dilfering light conditions, some judgment will have to be exercisc^d in 
using this table. 

1 . Tjight Values,—The table is based on light values of unity (1) as given in Table IX. If other 
conditions apply, the exposure time given in Table X sliould be multiplied by the factors in Table IX 
which are appropriate. Table X applies to conditions where the room being phc)tograf>h(‘d has fr(‘e 
access to full daylight. If tall buildings in the immediate surroundings block otY much of the <iaylight, 
the exposure times given may have to be increased considerably. 

2. Film Hpeed.—Tabic X is based on film speeds haviTig a djiylight rating of W(^stoti 10 to 20. For 
other film speeds, exposure time is inversely proportional to the W(%ston rating. 

3. Time of Day.—The time of day for which Table X applies is to within I hr. of sunrise and sunset 
for panchromatic material or to within hr. of sunrise and sunset for orthochromatic materials if the 
room has free access to full daylight. If tall buildings cut off available daylight, the exposures may have 
to be increased considerably during the early morning or late afternoon. 

4. Aperture.—Exposures for four standard apertures are given. For converting to other apertures 
see Eq. (23). 
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Table XI gives the exposure data for photofiood lamps, having various types of 
reflectors, for various distances between* lamp and the subject. The table is devised 
for only one photo flood lamp; if two, three, or four lamps are used in the same reflector, 
the exposure times may be reduced to one-half, one-third, or one-fourth of the time 
specified for the single lamp. 


Table XI. —Table of Basic Exposure for Black-and-white Still Photography 

Using Photoplood Lamp 
(Weston Ratings—10 to 20) 


Reflector 

Distance, 
lamps to 
subject, ft. 

No. 1 lamp 

No. 2 lamp 

No. 4 lamp 

Aperture 

Aperture 

Aperture 

//4 

f/8 

//lo 

//32 

//4 

//8 

//16 

//32 

//4= 

//8 

//16 

//32 





Shutter speed, 

sec. 





N oii<‘ 

2 

^ 0 

K 5 

3'4 

1 

K2B 

3-:^ 0 

>8 

Vi 

00 

K 25 

34o 

A 


d 

H 0 


H 

2 

Ao 

Ks 

A 

1 

Hbo 

34a 

Ha 

A 


4 

J'2 0 

'A 

1 

4 

Ho 

>8 

A 

2 

M 25 

Ho 

A 

A 


(i 

H 

A 

2 

8 

Mb 

H 

1 

4 

Ao 

A 

A 

2 


8 

h 5 

H 

3 

12 

M 0 

H 

n-i 

0 

Ao 

A 

H 

3 


10 

}4 

1 

4 

15 

>8 

A 

2 

8 

Hb 

A 

1 

4 


15 


2 

8 

30 

yi 

1 

4 

15 

Vi 

y-i 

2 

8 


20 


3 

12 

45 

H 

1 V 2 

(i 

26 

H 

A 

3 

12 

White paper (Ex- 

2 

j 2 A 0 

34 0 

H 5 

A 

34 0 0 

Vi 2 5 

Ao 

A 

Vi 0 00 

Aizflo 

34 0 

Kb 

poHure valueH 


■ f 2 5 

H 0 

H 

H 

3-2 5 0 

V ii 0 

Kb 

A 

Vi 00 

K 25 

JA^o 

34 

depend to large 

4 

j'fto 

3- 2 0 

A 

1 

> 15 0 

3-4 0 

Vi 0 

A 

00 

Ho 

Ho 

34 

(*xtent on angle 

0 

H 0 

>8 

A 

2 

34j 0 

3 i 5 

1 ^ 

>4 

1 

Vi 2 5 

Ho 

Vi 

Vi 

over which light 

8 

J 20 

H 


3 

3-4 0 

,'10 

H 

1>2 

Ao 

Ao 

A 

H 

iH directeii) 

10 

i'2 0 

H 

1 

4 

A 0 

3h 

3-2 

2 

Ao 

Mb 

A 

1 


15 

‘'8 

3-2 

2 

8 

'■in 

A 

1 

4 

Ao 

H 

A 

2 


20 


H 

3 

12 

Ho 

% 

1 3-2 

6 

Ho 

H 

H 

3 

PoliHlied metal 

2 

H 0 0 

^ i n 0 

,'4 0 

H 0 

^ i 2 0 0 

34t 00 

34 0 

3-2 0 

Vi4. 0 0 

A^oo 

K50 

>4 0 

(ExpoHure val- 

:i 

‘ h fi 0 

*'8 0 

Ao 

H 

S 00 

31 5 0 

3 4 0 

‘ "1 0 

34 2 0 0 

Vfi 0 0 

Vi 0 

Ho 

uen depend to 

4 

' i 5 0 

M 0 

.'n 0 

H 

/iio 0 

Ah 0 

^-20 

34 

34 00 

Vi 60 

34o 

Ko 

large extent on 

U 

.'dio 

32 0 

A 

H 

Vi 5 0 

Vi 0 

3-io 

H 

Vi 0 0 

Vi 0 

34 0 

A 

angh^ over which 

8 

5 

3io 

H 

i'2 

34 0 

A 20 


H 

34 6 0 

34 0 

Vi 0 

A 

liglit is di- 

10 

0 

34 

A 

0 

: ,‘4 0 

3-i4 

3-4 

1 

K 25 

Via 

34 

A 

reci(Hl) 

15 

Mo 

H 

lA 

(1 

i >20 

34 

H 

3 

► Vi 0 

H 2 

34 

IH 


20 

/ i 5 

- 

H 

2 

1 8 

_L. 

1 Vi 5 

34 

1 

4 

1 : 34 0 

, Vi 

Vi 

2 


'I'ublo XI tlio r(>c.()nuiu!nul<ul oxixwurtw for HiibjoolH liubtod by i>hotoflootl lamps of various 

sizos and for {lifToront b('( wooii t.h<! lamp and t.ho subjroC 

1. Film SjxmhI. —Table XI is busod on tlio uso of film luiviivK a tiniKston spowi rating of Weston 
10 to 20. For other film Hpeeds the exposure time rtMiuirotl is invernely i>roportional to the Weston 
rating. 

2. Apcutvire.— l';xi>OH»irt)H for four Htandard apertures are Riven. For converting data of Table XI 
for other aiiertures, see 10(i. (22). 

3. Number of Lamps.—Oidy one lamp of the typo specified is asHumod. If n similar lamps are 
lined at the same distance from the subject, tlivido the exposure times by n. It should be noted that 
two No. 1 lamps are equivalent to one No. 2 lamps, and two No. 2 lamps are equivalent to one No. 4 
I>hotoflood lamp. 
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4. Distance between Lamp and Subject,—If lamps are used at varying distances from the subject^ 
the exposure time for each, lamp, separately, should be determined. The resultant exposure may then 
be calculated by determining the reciprocal of the sum of the reciprocals of the separate exposures. 
For example, if one No. 1 lamp is 4 ft, from the subject, and one No. 2 lamp is 6 ft. from the subject, 
the e^cposures at //16 are and sec., respectively. The resultant exposure time is then 


titi 

“h t2 


H X H 
H + H 


}'^0 1 

~ sec. 
Ho 9 


It should be noted that the resultant exposure time will always be less than the shortest exposure for 
any given single lamp. 

6. Reflectors.—No very specific data can be given for those cases in which reflectors are used, 
because the shape and surface of the reflector have large effects on the light beam which cannot be 
determined unless the reflecting system is fairly completely specified. In such cases it is best to deter¬ 
mine the proper exposure by means of an exposure meter. However, as a rough and approximate 
guide, the exposures given in Table XI may be considered as being approximately correct for the types of 
reflectors ordinarily used. This statement is based on experience and empirical relations rather than 
scientific facts and applies to the majority of reflectors for photographic use. It does not apply to 
spotlight reflectors where the rays are collimated Into a very narrow beam, in which case a shorter 
exposure may be appropriate. 


Table XII, —Exposure for Black-and-white Still Photography, IOO-Watp 

Mazda Lamps 

f Weston Ratings—10 to 20) 
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Table XII gives recommended exposures for artificially lighted subjects for various apertures, types 
of reflectors, and distances between lamp and subject. 

1. Film Speed.—Table XII is based on an assumed film speed for tungsten of Weston 10 to 20. For 
other film speeds the required exposure time is inversely proportional to the Weston rating of this film. 

2. Aperture.—The exposureli for various apertures are given, but conversion may be made for other 
apertures, if this is desirable, by Fq, (23). 

3. Number of Lamps.—Table XII is based on the assumption that one 100-watt lamp is used, having 
a clear or white-frosted, rather than daylight, bulb. If daylight bulbs are used, the exposures will have 
to be increased for the same lamp rating, because of the filtering action of the bulb. For lamps of other 
power ratings than 100 watts, the exi>osures given should be multiplied by 100/W, where W is the power 
consumption of the lamp used, in watts. 

If several lamps at varying distances from the subject are used, the resultant exposure may be 
found from the individual exposures required for each lamp. If the exposure time required for one lamp 
is ii, and that required by another lamp, the net or resultant exposure is given by 


tx + tn 

4. Subject.—Table XII is based on average- or medium-colored subjects. If dark subjects are 
photographed, the exposure should be increased. The exposure may be decreased if light-colored 
objects are being photographed. 

5. Refiectors.—No very specific data can be given for those cases in which reflectors are used, 
because the shape and surface of the reflector have large efiects on the light beam which cannot be deter¬ 
mined unless the reflecting system is si)ecified. The values given may be regarded as correct for avex'age 
conditions, however. 


Table XIII,—Exposuheh foe Still Black-and-white Photoohaphy with 

PhOTOFLAHH TjAMPH 

(Wc^Hton Ratings—10 to 20) 


Photoflash 

* No. 10 lamp 

No. 20 lamp 

No. 75 lamp 

''Pypa of 
reflector 

None 

1 

Pup€U*®** 

Metal*** 

None 

Paper*** 

Metal’" 

N one 

PapKi-’" 

M etal *** 

Distance, 
lamp to 
subject, ft. 


Aperture 



Aperture^ 



Aperture 


a 

//25 

//-MS 

//50 

//35 



//no 



4 

//1« 

//27 

//B8 

//27 

//as 

//n4 

//as 

//64 


5 

//15 

//21 

//ao 

//21 

//ao 

//42 

//ao 

//42 


fl 

//12. f) 

//IB 

//25 

//17.6 

//25 

//an 

//25 

//an 

//60 

8 

//t) 

//12.0 

//IH 

//14 

//2() 

//2« 

//lO 

//27 

//as 

10 

//7.5 

//lO.5 

//in 

//ll 

//lo 

//22 

//lO 

//22 

/.a2 

15 

//5 

//7 

// u ) 

//7 

//lo 

//14 

//lO 

//14 

//20 

20 

//4 

//5.0 

//« 

//6.0 

//8 

//ll 

//8 

//ll 

//!« 

,30 

//2.5 

//:i. (5 

//fi.O 

//a. 5 

//n.o 

f / 7 . t) 

//n 

//7.0 

//lO 

,50 

//I .s 

//2.t 

//a, 0 

1 

//2.1 

//3.0 

//4.2 

//a.o 

//4.2 

//(5.0 


Woe note 3. 

Table XIII givess Hoggesttul exposures for black-and-white photograi>hy with pl^otoflash lamps with 
various types of for various <liHtanc<!ts between hunf) and subject. 

1. Film Speed.""" 'rh<^ tubh^ iM base<l on a tungsten, film speed of Weston 10 to 20. For other film 
speeds, the reqiured /-number is direcdly proportional to the Weston rating. 

2. Number of Lamps.—Table XIII is calculated for one i>hotoflHHh lamp in eixch reflector. If n 
similar lamps are used in the same reflector, the/-number given should be multiplied by n. For example, 
if four No. 10 lamps 10 ft. from the subjeet are used in a tH)liBhtHl-nietal reflector, the aperture would be 

4 X / ,5 - //ao. 

3 . Reflectors."^Where reflectors are tised, the data are to be regarded as approximate becatise the 
manner in which the reflector directs tlu^ light modifies the €?>xi)OHure considerably. 
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Table XII shows basic exposure data for ordinary incandescent lamps operated at 
norm£(,l voltages which result in a lamp life of approximately lOOO hr; The use of 
clear or frosted lamps, rather than blue “daylight” lamps, is assumed. The table is 
calculated for a lamp having a power-consumption rating of 100 watts, but the Gbrrect 
exposure for lamps of other power rating W may be determined by multiplying by 
lOO/TF. The table applies to portraits and light-colored interiors. Tor darker 
subject matter the exposures should be increased; exposure should be decreased for 
lighter than average subjects. 

Table XIII gives the proper aperture when photofiash lamps are used at a specified 
distance from the subject. The table is based on the assumption that the shutter will 
be opened throughout the dxiration of the flash; if synchronized flashes are used, one 
stop larger than is indicated should be used. 

Exposure data for flashlight powders is given in Table XIV, although photoflash 
lamps have almost entirely superseded the use of flashlight powders. The table gives 
the basic amount of flashlight or magnesium powder suitable for use with a film having 
a speed or sensitivity rating of Weston 24 to 48. 


Table XIV.— Exposure with Flashlight Powders 
(Weston Ratings—24 to 48) 



Aperture at which photograph is made 

Distance between 






subject and 

//4 

//5.0 

//8 

//n 

//lo 

flashlight, ft. 








% 






Basic amount of flashlight powder required, gr. 


1 

0.37 

0.75 

1.5 

3 

0 

2 

0.87 

1.75 

3.5 

7 

14 

5 

2.87 

5.76 

11.5 

23 

4G 

7 

4.02 

9.25 

18.5 

37 

74 

10 

7.5 

16 

30 

00 

120 

16 

13.75 

27.5 

55 

no 

220 

20 

20 

40 

80 

100 

320 

30 

37.5 

75 

160 

300 

000 

60 

75 

150 

300 

000 

1200 

70 

120 

240 

480 

900 

1920 

100 

200 

400 

800 

1000 

3200 


Tlie table.s ur<^ based on film HeiiHitivity of Wentoii 24 to 48. For other Hpeedw, 


multiply upertun 

by 0 

for Weston speeds between 

0 .0 and 

1.2 

11 

** 4 

4 4 

1 4 

4 1 11 

1.5 “ 

3.5 

14 11 

2.5 

4 1 

4 4 

4 1 11 

4 

8 

4 1 11 

1,4 

4 4 

1 4 

11 <1 

10 

20 

4 1 It 

“ 1 

4 1 

4 4 

11 11 

24 

48 

4 4 1 ( 

“ 0.6 

4 1 

1 4 

11 It 

64 

128 


The method of calculating exposure through the use of closing the diaphragm until 
the detail whlbh it is desired to record just disappears may be explained as follows; 
Cover the camera and head with focusing cloth, and focus the subject at the full lens 
aperture. After the eyes have been accustomed to the luminous intensity of the 
ground-glass screen, stop down the lens aperture slowly until the detail in the deepest 
shadow it is desired to record has just disappeared. Detail in the deepest shadow 
would be faintly, but distinctly, observable when the eyes are directly opposite that 
portion of the ground glass on which the shadows occur. Note this aperture stop 
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/o. The exposure for any film having a Weston speed of 24 to 48 will be found in 
Table XV for the apertvre / at which the photograph is made. This table is suitable 
for use with black-and-white or color photography so long as proper correction is made 
for film speed and the light employed is suitable for color photography. 


Table XV.—Use op Diaphragm Aperture in Determining Exposure 

(Weston Rating—24 to 48) 




Aperture at which desired detail 

can just be seen, /o 



Aperture used 
in making the 
exposure 

//2.8 

//4.0 

//6.0 

//8 

//ii 

//16 

//22 

//32 

//46 

//64 


Hequired exposure for film having Weston speed of 24 to 48 

f/2 

//2.8 

//4 

//6.6 

//8 

//n 

//lO 

//22 

//32 

//46 

//54 

lyi m 
2>g m 

6 m 
10 m 
20 m 
40 in 

1 h 20 ni 

40 B 

I H la 

2>2 

5 m 
10 m 
20 m 
40 in 

1 ix 20 m 

20 B 

40 8 

m m 

2 Jr 2 in 

5 m 
10m 
20 m 
40 m 

1 h 20 m 

10 8 

20 8 

40 8 
1J4 HI 

2M m 

5 m 
10 m 
20 m 
40 m 

1 h 20 m 

5 8 

10 a 

20 8 

40 8 

IH m 
2H m 

6 m 
10 m 
20 m 
40 m 

1 h 20 m 

2H a 

6 8 
10 8 
20 8 
40 8 
IK m 
2K HX 
5 ni 
10 ni 
20 in 
40 m 

1 B 
2>^ s 

5 s 
10 s 
20 8 
40 8 

IK IH 

2K Til 

6 m 
10 m 
20 m 

8 

1 8 
2M B 

5 s 
10 8 
20 8 
40 B 
IK m 
2K IH 
5 in 
10 in 

K s 
ki 8 

1 8 
2K 8 

6 8 
10 8 
20 8 
40 8 

IK HI 

2> <i m 
5 m 

H S 
M s 
H B 

1 8 
2K B 

5 8 
10 8 
20 8 
40 a 
IK HI 

2K HI 


The tables are ealculated for films havinR a speed of Weston 24 to 48. For films liavinR other speeds 


mu 11ipiy ex p ohu re 

time by 40 

for 8peedH between 

0. aiul 

1 

i4 <4 

44 4* 

4 4 

4 4 

4 4 

1.5 “ 

3 

4 4 

“ “ 6 

« 4 

4 4 

4 4 

4 

8 

4f 4 4 

“ “ 2.5 

< 4 

44 

4 4 

10 

20 

14 44 

“ “ 1 

4 » 

44 

4 4 

24 

48 


“ 0.4 

4 4 

i 4 

44 

64 

128 


Exposures for outdoor photography at night are given in Table i?^VI. The table 
is based on a film having a speed of Weston 8 and applit^s for various types of sub- 
j(H*.tH. Values of exposure are given for apertures of from //2 to //32, l)ut data for 
other apertures may be determined l)y interpolation, or by means of Eq. (23). 

Table XVII gives the maximum exposures for moving objects which will "atop 
motion ” in the photograph when a lens of 5- or 2-in. focal length is used. Corrections 
for other focal lengths may lie made in the manner indicated at the bottom of the table. 
'Phe shutter speeds given aixi based or the relative apparent sliced of the object across 
the (aiinera field and do not bear any rolati<in to the shutter speed whi(*.h may be 
rtH|uired for propiT exposurii. The shutter speed required for exposure nuiy be deter¬ 
mined from other tables or by (ixposure meters, but Table XVTI gives the limiting 
shutter speeds if sharp outlines are desired for moving objec.ts. 

This talile should he used in e.onjunction with exposure tables when photographing 
moving objects. It is, perhaps, best to determine tb<^ shutter spec'd from Table XVII 
for the type of moving subject Vieing photographed, after which the aperture and film 
speed for this shutter speed may be determined. For example, if we are photograph¬ 
ing a small boat moving 10 m.p.h. (approximately 9 knots) obliquely across the field 
when it is 25 ft. from the camera, the shutter speed reciuired for a 5-in. lens will be 
Moo sec. By reference to Table VIII, we fiiul that the subject matter falls into 
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group A. If the sky is slightly cloudy an exposure of Ho sec. at //16 is required. 
But, since the permissible shutter speed is Moo sec., we shall have to increase the 
aperture to obtain correct exposure at Moo sec. If we are using a film having a speed 


Table XVI.— Exposure for Outdoor Photography at Night 

(Weston Ratings—10 to 20) 






Apertu re 




Subject 

//2 

//2.8 

//4.0 


//8 

//ii 

1 

//16 

//22 

//32 





Exposure time 




Shop fronts, brightly lighted. 

4 s 

8 s 

15 s 

30 s 

1 in 

2 m 

4 m 

8 m 

15 m 

Illuminated grounds, or buildings 
with interior illumination. 

8 s 

15 s 

30 s 

1 m 

2 ni 

4 m 

8 m 

15 m 

30 m 

Open street scenes, without near 
dark objects. 

15 s 

30 s 

1 m 

2 m 

4 in 

8 m 

15 in 

30 rn 

1 h 

Open street scenes, without dark 
near objects, snow-covered 

ground or wet pavements. 

10 s 

' 20 s 

40 s 

m 

2 >2 lOL 

5 m 

10 m 

20 m 

40 m 

Street scenes with near dark objects 

30 s 

1 m 

2 m 

4 m 

8 in 

15 rn 

30 in 

1 h 

2 h 

Street scenes with near dark ob¬ 
jects, snow-covered ground or 
wet pavement. 

20 s 

40 s 

IH m 

m 

5 in 

10 in 

20 rn 

40 m 

XH h 

Buildings with floodlight illumina¬ 
tion only... 

30 8 

1 m 

2 Ill 

4 rn 

8 in 

15 in 

30 m 

1 h 

2 h 

Floodlighted open street scenes 
without near dark objects. 

1 m 

2 m 

4 m 

8 in 

15 in 

30 in 

1 li 

2 h 

4 h 

Floodlighted street scenes, with 
near dark objects. 

2 ni 

4 in 

8 m 

15 m 

30 in 

1 h 

2 h 

4 h 

8 li 


Table XVI gives suggeBted exposurcH for various Bubjectw for outdoor night photography. The 
wide range of corulitioiis which are aotiutlly encountered requires that Table XVI be uneti as a guide in 
determining suitable exposures, rather than to provide fixed and unvarying data. 

1 . Film Speed.—Table XVI is baaed on a film speed having a tungaten rating of Weston 10 to 20, 
For converting the given exposures with films having other speeds, 

multiply exposure time by 16 for speeds between 0.6 arul 1.2 



i 4 


* * 

6 

i i 

1.5 

“ 3 




11 

2.5 ** 

44 

4 

“ 8 


i 


i t 

1.0 “ 

4 4 

10 

20 


4 i 


1 i 

0.4 “ 

4 4 

24 

“ 48 


i 4 


i * 

0.15 “ 

4 1 

04 

“ 128 


2. Aperture.—Table XVI shows exposures for nine apertures. For eon verting to other apertures, 
see Eq. (23). 

of Weston 20 for which Table Vllf applies, we can then determine the rcqviisite aper¬ 
ture by using the expression 

f-hsfl (47) 

Thus the correct aperture for our example will be 

• = 16a/-4o1> = 6.2 (48) 

' >'3 0 

An aperture of //6.3 would be correct. 
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Table XVII.— Exposure FOR Moving Objects 




2-in.-focal-len.gth lens 

5-in .-focal-length lens 

Speed, 

m.p.h. 

Typical subjects 

Obj ects 
moving 
directly 
toward 

camera 

Objects 

moving 

obliquely 

across 

field of 
view 

Objects 
moving 
across 
“ field of 
view 

Objects 

moving 

directly 

toward 

camera 

Objects 

moving 

obliquely 

across 

field of 
view 

Objects 

moving 

across 

field of 
view 





Exposure time, sec. 



0-“l 

Landscapes, sea scapes, street 
groups. 

H 


H 2 

Ho 

Ho 

Ho 

2 

Slow-walking pedestrians. 

H 

H 50 

Hs 

Ho 

Ho 

Ho 

3 

Walking pedestrians. 

M2 

Hs 

}4o 

Ho 

Ho 

Moo 

4 

Fast-walking pedestrians. 

H5 

Hs 

Ho 

Ho 

Ms 

M 25 

6 

Slow cyclists. 

H5 

Ho 

Hs 

Ho 

Moo 

Hoo 

8 

Blow vehicles in heavy traffic. 

Ho 

Ho 

Moo 

Ho 

Mso 

Hso 

ID 

Cyclists, trotting horses. 

Ho 

Ms 

M 2 6 

Moo 

Hoo 

Hoo 

15 

Blow street traffics. 

Ho 

Moo 

0 

0 

Mso 

Hso 

Hoo 

20 

Automobiles (city trafReO. 

Ho 

Mso 

Hso 

Hoo 

Moo 

Hoo 

30 

Autornobilcss... 

M 25 

Hso 

Moo 

Hoo 

Hoo 

Mooo 

40 

Automobiles... 

Hso 

Hso 

0 

0 

Moo 

Mso 

M^oo 

(K) 

Trains, automobiles. 

Hso 

0 

0 

Hso 

Hoo 

Mooo 

Hooo 

SO 

Fast trains. 

Hoo 

Hoo 

Hooo 

Hoo 

Msoo 

H^rOO 

ICO 

Airplanes. 

0 

0 

Mso 

M 250 

Mooo 

3^2 00 0 

_ 

Hooo 


Table) XVII p;iveH tlu^ inaxinium exponures which may be given, if sharp images are desired, for two 
lensen of difTc^rent fcx'ul length, and for various speeds of moving objects. The table is baaed on an 
fiHHUTned (listaiUMi of 25 ft. b(d ween the e.amera and the moving object, but conversions may be made for 
other eoiHlitiouH. For example, let >So be the shutter speed given for the 6-in. lens. Then the shutter 
si)eed S for otlun- distances between camera and subject d and for lenses of focal length I is 



’’Fhe distance d is in feet, whereas / is in inches, 
longest perinisHihle exposure is 

I 


Thus, for fast trains at 100 ft. with a 2-in, lens, the 


S 


24()() 


(D 


-Cf) 


10 _ 

2400 


■flo 


if the train is traveling aeross the fudd of vic^w. 

'PtibU' XVII bcHi-H no comifoliou lo Iho sbiitti-r Hpooils rocmired by light conditions to give the 
neecsHiiry <'Xi)OM\irc to tin' film; it nitn|)ly gives the longest exposxire i>ermigsible v'hif.h may be expected 
to ‘•stoit motion." Tnbl<» XVII shoul'd then be used with other tables to determine the aperture and 
shutter speeds r('()uir<Ml tf> give the proper exi)osure to the film Jor existing light conditions. 


Tables for iStill Color Pholograph!/.—So long tis tht; rediicod spoed and additional 
color HtiuHitivity of t^olor lilruH nro properly Uikttn into ttccoiiiit, the tables for black-and- 
whitt^ Htill photograijhy could bt^ used for still c.olor photography. However, it is 
(convenient to have tahlcs whi(di juitoniatically take those factois into accomit. 

Table XVIII gives basic! exposure data for still color photography in somewhat 
the sauu' way that Table VI11 givt^s similar data for black-and-white photography. 
I'V)!- shuttesr sp(a?dH or ap<‘.rtures which are not given, extensions to the table may be 
made in tb(^ manner already described. The table is based on film spee(i of Weston 
4 to 8 which applies to the pnisent Kodachromc and Dufaycolor film in daylight 
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Table XVIII. —Exposures for Still Color Photography in Daylight 

(Weston Ratings—4 to 8) 


Subject 

1 

Aper¬ 

ture 

Sky conditions 

Intensely 

bright 

day 

Direct sun 
on bright 
day 

Slightly 
cloudy 
bright day 

Dull day, 
sky 

overcast 

Very 

dull 

day 


Exposure time, 

sec. 


A. Clouds; open snow and glacier 

//32 

Ho 

M 


H 

I 

scenes; open sea; snow scenes 

//16 

Mo 

Mo 

Mo 

H 


" “against the light” 

//8 

M 50 

Ms 

Ho 

yi 0 

M 


//4 

Moo 

Moo 

Hso 

Ms j 

Mo 


f/2 

Mo 0 0 

Mooo 

1 

V- 

0 

0 

Moo 

i 

M 25 

J5. Sport scenes in snow or glacier; 

f/32 

H 

H 

1 

2 

4 

open landscapes or beach; sport 

f/16 

Ms 

M ! 

H 

H 

1 

scenes in open; landscapes with 

//8 

Mo 

Mo 

Hs 



light foreground 

//4 

M 6 0 

M26 

Mo 

Mo 

Mb 


f/2 

Mooo 

J'500 

Mso 

M 25 ! 

Mo 

C. Wide streets and squares; light 

f/32 

IM 

3 

6 

12 

24 

buildings; woods and land¬ 

//16 

H 


IM 

3 

6 

scapes with dark foregrounds; 

//8 

Mo 

H 

H 

1 

2 

figures and groups in open or 

//4 

Mo 

3"2 0 

H 

M 


at edge of woods 

f/2 

Mso 

Ms 

Mo 

}^i 5 

H 

Z). Buildings and rocks, dark or 

f/32 

6 

12 

24 

45 

1>2 min. 

against the light; persons and 

//16 

IH 

3 

() 

12 

24 

groups in shade of trees; per¬ 

//8 


1 

2 

3 

6 

sons and objects at windows; 

//4 



I'i 


1 yi 

narrow streets; light woodlands 

f/2 

Mo 

1 

Ms 

H 

M 

1 



Table XII gives the exposures for still color photography in daylight. If possible, an exposure meter 
should be used when exposing color film because of its small latit\ule; otherwise Table XII may be used 
as a guide for suggested exposure. 

1. Film Speed.—The table is calculated for a film speed having a daylight rating of Weston 4.0 to 
S.O. For conversion to other film speeds, shutter speed is inversely proportional to the Weston rating. 

2. Aperture.—Suggested exposures for five different standard apertures are given. For conversion 
to other apertures see Fq. (23). 

3. Time of Day.—For use up to within 2>2 hr. of s\inrise and sunset excei)t when taking sunrise and 
sunset scenes. 

4. Subject: for Average Subjects.—Average subjects combine dark and light objects in approxi¬ 
mately equal proportions. When in doubt, use exposures given. 

Tight-colored subjects include snow and beach scenes, light-colored fiowers, subjects with blontl 
complexioiiB, light-colored buildings, and other subjects of similar character. In such cases the expoHurc 
may be reduced from that given in the table. 

Dark-colored subjects include dark foliage, deep-colored fiowers, dark animals, buildings, and similar 
objects. For such cases the exiiosures given in the table may be increased. 

The exposure table may be used both for close-ups and distant views, but attention must be given 
as to whether the subjects are of average brightness, light, or dark. 

5. Filters.^—The exposures are based on the use of film without filters. If a flitter is used, the tinu^ of 
exposure will have to be multiplied by the filter factor. 

# 

Table XIX shows the apertures and shutter speeds for giving the proper exposures 
with color film having a speed of Weston 4 to 8 when used with the various sizes of 
photoflood lamps now on the market. 
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Table XIX. —'Basic Exposure for Color Photography with Photoplood Lamps 


(Weston Ratings—4 to 8) 



Aperture 

Distance 
between light 

■ 

m 




//8 

//n 

//16 

f/22 

f/32 











and subject, ft. 




Shutter speed, sec. 






8,660 lumens—No. 1 photoflood 

2 

Ha 

3^15 

A 

A 

M 

1 

2 

4 

8 

16 

a 

Ks 

H 

H 

A 

1 

2 

6 

10 

18 

36 

4 

H 

H 

A 

1 

2 

4 

8 

16 

30 

1 m 

6 

J'i 

I'i 

1 

2 

6 

10 

20 

40 

IH in 

2H m 

8 

H 

1 

2 

4 

8 

16 

30 

1 m 

2 m 

4 m 

10 

H 

I'A 

3 

6 

12 

25 

50 

I M ni 

3 A m 

7 m 

15 

1 

2 

4 

8 

16 

30 

1 m 

2 m 

4 m 

8 m 

20 

3 

6 

12 

25 

60 

1 % m 

3A m 

6 m 

12 m 

25 m 





17,000 lumeus— 

No. 2 photoflood 


) 


2 

344 

2 

Mb 

A 

H 

Ai 

1 

2 

; 4 

8 

3 

Ma 

Ma 

A 

■ A 

A 

1 

2 

5 

10 

18 

4 

Ks 



Aj 

1 

2 

4 

8 

15 

30 

0 


H 

A 

1 

2 ' 

5 

10 

20 

40 

13 ^^ m 

8 

H 

A 

1 

2 

4 ' 

8 ' 

15 

30 

1 rn 

2 ni 

10 1 

H 

H 

lA 

3 

6 

12 

25 

50 

1 hi rn 

33^fj rn 

15 


1 

2 

4 

8 

16 

30 

1 rn 

2 m 

4 rn 


1 3-a 

3 

0 

12 ' 

25 

50 

tn 

8 3-3 nf 

6 in 

12 rn 





33,500 lunuuiH” 

No. 4 photoflood 




2 

■H a R 

3^(V4 

! 

A-j 

}' { 5 

3^8 

At 


1 

2 

4 

3 

Hi 

ki 2 

A B 

3^8 

A 


1 

2 

6 

10 

4 

H2 

H 5 

].« 

1 '' 

>4 

AJ 

1 

2 

4 

8 

16 

d 

M B 



3"2 

1 

2 

f> 

10 

20 

40 

8 1 

H 

1 

>4 

>2 

1 

2 

4 

8 

15 

30 

1 ni 

10 

H 

H 


13^2 

3 

(> 

12 

25 

50 

1 >2 in 

15 

H 

A 

1 

2 

4 

8 

15 

30 

1 m 

2 ru 

20 


ll'i 

3 

(> 

12 

25 

50 

ni 

3ta m 

6 ni 


Table XIK is hawed on the followiiip; <u)!ulitic)njs: 

1. Film Speed.—Buitable for co\ot dim havinp; a tunp;Ht.en raidnn: of Wenton 4 to S, H\ieh uh Dufaycolor 
or Kodachrome film. For dlmw haviiip; other hpcmhIh, th(^ Hhutter Hr)eed in ioverH<4y |)roportioiuil to the 
Wewton Hpeed rating. 

2. Apertures.—Table XIX gives the exposure for 10 aiau turen. (h)ni vt'irniori may bts mad<^ for other 
apertures by the method given by Kq. (23), 

3. Lamps."—-ExpoHures are given for phoiodood htiups optnation at 33,5 hniieiiH per watt, in polisheil 
rnetal reflectors. If white paper redeetors are useti, multiply tlm (^xpostire time by 2; if no r<‘fleetars ai 
used, multiply exposure time by 4. 

It is assumed that only one lamp is used. If n lamps are used, all the same <listance from the 
subject, divide the shutter speed by n for proper exposure. 
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The apertures suitable for photography with photoflash lamps when the shutter is 
opened during the flash is given in Table XX. If synchronized flashes are used, the 
next larger aperture (next smaller /-number) should be used. 


Table XX.— Exposubb fob Colok Photogbapht with Photoflash Lamps 

(Weston Rating—4 to 8) 



No. 10 lamp 

No. 20 lamp 

No, 75 lamp 

Distance, 

Type of reflector 

Type of reflector 

Type of reflector 

lamp to 
subject, ft. 










None 

White 

paper*^ 

1 

Polished 

metal* 

None 

White 

paper* 

Polished 

metal* 

None 

White 

paper* 

1 Polished 
metal* 



Aperture 

2 

//16 

//22 

//32 

s /22 

s/32 

//46 

s/32 

//46 

s/64: 

3 

//ll 

//16 

f/22 

//16 

S/22 

f/32 

S/22 

S/32 

S/45 

4 

//8 

//ll 

//16 

s/ll 

S/16 

f/22 

S/18 

S/25 

S/36 

6 

//4.6 

//6.3 

//9 1 

s/8 

S/ll 

f/16 

S/ll 

S/16 

S/22 

s 

//4.0 

//5.0 

//8 

S/5.6 

S/8 

S/ll 

//9 

S/12.5 

S/18 

10 

//3.2 

//4.5 

//tJ.3 

//4.6 

S/6.Z 

S/2 

S/6.3 

S/2 

S/12.5 

16 

// 2.0 

// 2.8 

//4.0 

S/2.8 

//4.0 

f/5.6 

S/4:. 5 

S/6.Z 

S/2.0 

20 

// 1 .5 

f/2.2 

//3.2 

S/2.2 

f/3.2 

S/4:.5 

s/3.5 

//4.5 

S/6.Z 

30 

//i.o 

// 1.6 

// 2.0 

S/1.5 

S/2.0 

S/3.2 

S/2.2 

f/3.2 

S/4.0 


* See note 3. 

Table XX gives the suggested exposures for still color i:>hotogriiphy with photoflash lainpH with 
various reflectors and for various distances between the subject and the lamj). 

1 . Film Speed.—Table XX is based on the use of film having a tungsten speed rating of AVeston 
4 to 8 , such as Dufaycolor or Kodachrome. For other film speed, 


niultii)ly /'■number by 2.5 
.. “ “ “ i.G 

I ( H i 1 ‘ * 1 

“ “ “ “ O.G 


0.4 


for AVeston speeds betwtMui 


0.0 aiul 
1.5 “ 

4 

10 


24 


1,2 

3 

8 

20 

28 


2 , Lamps.—It is iissunied that only one lamp is iiHe<l. If n lamps are used in the same distantu^ 

from the subject, multiply the apertures given by -\/n- For example, if four 10 lamr>H without 

reflectors are used 8 ft, from the subject, the required aF)erture will be//4 X -y /4 “ //B. 

3, Reflectors.—When reflectors are used, exposure depends to a large extent on the angle over which 
the light is distributed. Consequently, the values given should be regarded merely as suggestive for 
average conditions. 


Tables for Black-and-whiie Motion-piclure Photography. —Fuiulainontally the sa.nu’: 
laws of (^xpt)siirc apply to inotion-picturo as to still photography with the exception 
that a sufficient nuinljcr of pictures must be taken per second to reduce flickcT to a 
minimum and give a sense of motion when the individual frames are projected. In 
practice, this means that about 16 to 24 fi*ames per'second must be made, so that it is 
manifestly impossible to give an exposure time longer than from He to H 4 sec., and 
usually in practice the actual exposure is more likely to be between Ho iJ-t'd Ho lA 
frames per sec. Since the shutter speed is, furthermore, fixed or adjustable in wide 
steps, it is necessary to make changes in the exposure by means of varying tlu; aperture. 

Table XXI gives basic exposure for motion-picture photography in black an'^ white 
with daylight illumination. 
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Table XXII gives basic exposures when the illumination is from photoflood lamps. 
Tables for Color Motion-picture Photography .—Table XXIII gives basic exposure 
data for color motion-picture photography in daylight, whereas Table XXIV gives 
similar data for photoflood illumination. 

Table XXI.— Exposures eor Black-and-white Motion-picture PnoTOGRAPHr 

IN Daylight 

(Weston Rating —-24 to 48) 

Hky ooTvciitioiiH 


Subject 


Shutter 

speed, 

Bee. 


Inteunely 
bright (lay 


Direct 

Slightly 

Dull 

sun or 

cloudy 

day, sky 

bright sky 

bright clay 

overcast 


Very dull 
day 


Aperture 


A, CloudH; open hdow and 
glacier Hcenea; open sea; 
snow “against the light’' 


B. Sport scenes in snow or 
glacier; open landseupeH or 
beach; Hi>ort scHnies in open; 
landscapes with light fore¬ 
ground 


Wid(* Htr(M‘ts and scpiares; 
light buildings; woods and 
landscapes with dark fore¬ 
grounds; figures and groups 
in open, or fit tnlge of woods 

/). Buildings and roc'ks, dark or 
against tln^ light; jxu'sons 
aiui groups in sluidt^ of tn^es; 
persons and obje(*ls at win¬ 
dows in sun; narrow stri'cts; 
light wooilhinds 


J'iio 

//40 

//27 

//20 

//14 

M 0 

//32 

f/22 

//!<) 

//ll 

Mo 

//27 

//18 

//14 

//lO 

Ho 

f/22 

//Ki 

//ll 

//8 

yi 0 

f/ia 

//12.5 

//9 

//(i.3 

J 2 0 

//27 

//20 

//14 

//lO 

.hit 0 

//22 

//l« 

//ll 

//8 

>4 0 

//lO 

//14 

//lO 

S/1 

H 0 

//I (5 

//u 

//8 

//5. (V 

H 0 

//12.5 

//» 

//«.:1 

//4.5 

} 2 0 

//H> 

//7 

//5.() 

//:i. 5 

H 0 

//8 

//5.(J 

//4 

//2.8 

Ho 

//7.0 

//5.0 

//3 . r> 

//2.4 

Ho 

//5.(l 

//4 

//2.8 

S/2 

iai 0 

//4.f) 

f/2 .2 

1/2.2 

//l.O 

J'2 0 

//4.5 

f/2.h 

f/2.4. 

//I .7 

3 a 0 

//4.0 

//2.K 

f/2.0 

//I. 4 

^4 0 

//3.5 

//2.4 

//I .7 

//I. 2 

H> 0 

//3.0 

S/2.2 

//I .5 

//I . 0 

0 

//2.4 

//1.4 

//l.O 



f/io 

f/S 

f/7 

//5.G 

//4.5 

//7 

//5.0 

//5.0 

//4 

//;^^ 

//2.4 
J/2A) 
//I.7 
//I. 4 
//l.O 

//1-2 

//l.O 


’Fable XXI giv(*s suggestfMl exposure's for bla<*k-and-whit'C inotuon-pic'.t.urc' plK)t.ograr)hy using day¬ 
light illumination. It is CdilculatiMl for the followdug c.omlitioris: 

1, Bight- Valutas. For unity (1) light vahu's as given in 'Fabl<‘ I .X, For latiludi's and tiiues of the 
day and year for which the light value' is not unity, multiply tlu' aperture' giv(‘u in ’Fable XXI by the 
Hfpiare root of t hi' light values given in ’Faille IX. 

2. Film Spci'd. (-aleulated for films having a daylight speed of Wi'stoii ‘24 to 48. For conversion 
for other film sp<‘eds, 


multiply /‘number by 1). 15 for Wnstoii si)e<'d.s het w'(‘<'n 
“ “ “ 0.25 ** 

4* ‘*t)4 ** “ ** ** 

4. 4* (J 


1). (> and 


3. ’Fiitu' of Day. 


'I'o wit hin 1 hr, of sunrise' and sunsf't for paiu 


1.5 “ 

3 

4 

8 

10 

20 

24 

48 

(i4 

128 

150 

320 


dir<>mal i<' ina ti'rijils; to wit hin 2' ^ hr. 


of sunrise and sunset for orthochromatic materia':* 
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Expostire Devices. Exposure Calculators .—Exposure calculators in the form of 
sliding scales or disks which may be rotated with respect to other marked scales, 
usually cover a wide range of light conditions, film speeds, aperture^ shutter speeds, 
and sometimes give additional factors affecting exposure such as filter factors. 


Table XXII.— Basic Exiposube for Black-and-white Motion-picture 
Photography, Photoplood Illumination 
(Weston Ratings—10 to 20) 


Lamp 

Distance, 
lamp to 
subject, 
ft. 

Shutter speed, sec. 

1 y2o 

Ho 

>40 

Ho 

1 Ho 

Aperture 

8,660 lumens, one No. 1 lamp 

2 

t 

f/io 

1 //8 

f/7 

f/H.3 

f/4.5 


3 

f/7 

f/5.ti 

//6 

f/4.5 

f/3.5 


4 

//5 

//4.0 

//3.6 

f/3.0 

f/2.4 


6 

//3.5 

f/2.8 

//2.4 

f/2.2 

f/1.7 


8 

f/2.4 

f/2.0 

//1.7 

//1.6 

f/1.2 


10 

//I-9 

f/1.5 

//1.3 

//1.2 


1 

15 

//1.2 

//1.1 

//i.o 



17,000 lumens, one No, 2 lamp 

2 

//12.5 

//ll 

//lO 

//9 

f/5.3 

or two No. 1 lumps 

3 

//lO 

//8 

f/7 

//5.C 

f/4.5 


4 

f/7 

//5.(i 

//4.6 

f/4.5 

f/3.5 


6 

f/4. 5 

f/4.0 

//3.6 

f/2.7 

f/2.4 


8 

//3.5 

//2.8 

f/2.4 

f/2.l 

f/1.7 


10 

f/2A 

f/2.2 

//1.8 

f/1.7 

f/1.3 


15 

//I. 9 

//I. 5 

//1.3 

f/1.2 



20 

//1.3 

//l.l 




33,500 lumens, one No. 4 lamp 

2 

//20 

//H> 

//14 

//12.6 

//1» 

or two No. 2 lairii)s or four 

3 

//14 

//ll 

f/10 

m 

//«.8 

No. 1 lamps 

4 

//lO 

//8 

f/7 

f/5.3 

//4.8 


() 

f/7 

//ft.li 

//4.5 

f/4.5 

f/3.5 


8 

f/4. 5 

//4. () 

f/3. 5 

f/3. 1 

f/2.4 


10 

//3.8 

//3.0 

//2.0 

f/2. 3 

f/1.2 


15 

//2.4 

//2.0 

f/1.7 

f/1.5 



20 

//I. 5 

//I. 2 





Table XXII ffivew the HUg^eHted exposure for blaek-and-whit(^ niotion-i)ieture rihoUigraphy using 
photofiood illuminatiou. It is ba.s(‘d on the following (conditions: 

1. Film S])(ced.—C’alfMilat-ed for films having a tungsten wixmuI rating of Wicston 10 to 20. For 
converting to other film spcMuis, 


multiply 

apeui u!'(' 

by 

0 

.25 for 

W (^stoii 

spetnls b(itw(mii 0,(> 

and 

1.2 

* i 

t i 

i i 

0 

4 

4 

4 4 a 

1 5 

< 1 

3 

< 1 

i i 

4 i 

0 

() 

4 

4 4 4 4 

4 


8 

11 

i i 

1 i 

1 


i 

4 4 a 

10 

t ( 

20 

i * 

i < 

4 4 

1 

5 

i 4 

4 4 4 4 

24 

1 1 

4t,^ 

(( 

(i 

1 i 

2 

.5 

4 4 

4 4 4 4 

()4 


12?^ 

(t 

t i 

4 i 

4 

.0 

i i 

ii 14 

100 

* * 

320 

-Number 

of lamps 

IIH 

indicated 

. It Ls 

usslimed that, 

polished 

“UKdal r(vfl(‘ctorH 


2. Lamps.— iMiiuner oi iiLmi)rt as iiuiuaiLeci. ii is ussuinea inai, pousneu-uuaai r(vii(‘(;torH are use- 
Subject Matter.—It is assumed that subjects of average brightness arc. being photographe-h 
If light subjects are photographed, the exposure may be reduced somewhat, whereas if dark subject' 
are being photographed, the exposures should be increased. 

4. Shutter Speed. -—As indicated. For standard spesed of 16 to 24 frames per sc^cond. 
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These calculators are usually designed for daylight and cannot be used for artificial 
light unless special scales for artificial illumination are provided. The scales are 
designed to take into account the various light conditions of the sky, type of subject, 
film speed, time of day, time of year, and even geographic latitude. 

For a given amount of information, calculators are usually somewhat more compact 
than tables and, since a particular scwies of settings may be obtained for a given specific 

Table X .XIII.— Exposures for Color Motion-picture Photookaphy in Daylight 


(Weston Ratings—10 to 20) 


Subject 

Shutter 

Bpeed, 

HOC. 

Sky conditions 

Intensely 

bright 

day 

Direct sun 
on bright 
day 

Slightly 
cloudy 
bright day 

Dull day, 
nky 

overcant 

Very 

dull 

day 

Apiu’turcH 

d, CdoudHj open snow and 

yio 

//2() 

//14 

//lo 

s/7 

//5 

cier H(*cncB, open nea; snow 

i'tl 0 

f/l(> 

//ll 

//8 

//r>. <i 

//4 

“against the light” 

.‘.to 

//14 

//lO 

//7 

//4.5 

S/S . 6 


'no 

//u 

//« 

//5.(i 

//4 

S/2.8 


0 

//t) 

//(•). ;i 

//4.5 

//8.2 

S/2.4: 

/i. Sport Kcciu'-H in wnow or glu” 

bio 

//14 

//!() 

S/1 

//5 

S/S. 6 

cicr; open land.scapeH or 

^io 

//ll 

S/s 

//5.<) 

//4.0 

S/2.8 

beacdi; Hr>ort HfauicH in opiui; 

^ i 0 

//lO 

//7 

//4.5 

S/S . 5 

S/2 . (■> 

liindHCMpCH with liglit for<^” 

* h 0 

//H 

//5.<i 

//4.0 

//2.8 

S/2 . e 

ground 

/ tl 0 

//<•►.;{ 

//4.5 

//:i. 2 

//2.4 

S/i.s 

(\ Wide st r<Hd,H ainl H<piar(‘H; 

‘ 2 0 

f/r> 

//:{. 5 

//2.f) 

//I .H 

//I .2 

light r)uildingH, woodH, and 

'.so 

//4 

//2.8 

//2.() 

//! .4 

//I .0 

landM(aip<*K with dark forx*- 

' 4.0 

//■i.r> 

//2 . 5 

// 1.8 

//I .2 


grouiulH’, figui'CH and groups 

‘ r* 0 

//2.H 

//2 . 0 

// 1 . 4 

//I .0 


in open or at <Mlg(^ of waxalw 


//2.4 

//l.<i 

// 1 .2 



i). HuildingH and ro(dva; <lnrk 

2 0 

//2,r> 

//I .8 

//I. 2 



ugaiuHt, tiu' ligld ; p(‘rH<Mis 

' ao 

//2.(> 

//I .4 

// 1.0 



and groupM in alnuh' of 1 r<R\s; 

i 0 

//• .H 

//I .2 




pfCHoiiM n,n<l obJ(M‘t,H at- win- 

‘ 5 0 

// 1 . 4 

//I .0 




<lowN in Him; narrow wtrindfs; 

U 0 

//I .2 





light. woodhindH 








"ral)!!' XXIIl 1 po.suj <‘m fof color mol ion >icl u r(‘ pi lot ojinn pliy in dnyliKlil. U in 

cnlculul,(‘<l for l h<‘ fol lo w itu;; <‘oii< 1 i I ions: 

1. laiiiht V'jilncH..For unity (1> liid»t vmIucjs hm n'wcn in 'Tabh' IX. If oIImm- li^lih vnliu'H Jvi>i>ly, 

mulliply nxpOHurn n p(Mt u r<^H (»f 'ruble XXI II l>y thc*H(iuar(' root, of the n ppropiiulR^ lipcliL valuoHpcivfni in 

'ruble IX, 

2, Film Spofnl.— Kor (ilmn hnvitpi; u <iayliKbt inline of Went on 5 (.o 10. For otluir (il'in 

inult n>ly /-numix'i by 0.25 f<n Wcwl.on Hp(*(‘<ls 1x1 wt'cn 0 (> nixl 1 .*2 

.0.1 “ I .r> “ ;i 

. “ 0 (> “ “ “ “ 4 “ S 

*.I •• “ 10 “ X) 

..I f) “ “ 24 “ 4H 

1). 'Fimf^ of Day. "bo within I hr. of Hiinrino and NunHt4, unU‘HH MunriHC or huiihc^I i)hotop:rar)bB arc 
beinpe made. 
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Table XXIV.— Basic Exposxtbe for Color Motion-picture Photography, 


Photoflood Lamps 
(Weston Ratings—10 to 20) 


Lamp 

Distance, 
subject to 
lamp, ft. 

Shutter speed, sec. 

■ Mo 


j'.io 

3'* 5 0 

3-9 0 

Aperture 

8,650 lumens, one No. 1 Lamp 

2 

//4.6 

//3.5 

//3.0 

f/2.7 

//1.9 


3 

//3 

//2.4 

//2.2 

//2.() 

//1-s 


4 

//2.2 

//1.7 

//1.5 

//I. 3 

//I.o 


G 

//1.5 

//I. 2 

//I.O 




8 

//i.o 





17,000 lumens, one No. 2 lamp 

2 

//5.6 

//4.8 

//4.6 

//4.0 

f/2.7 

or two No. 1 lamps 

3 

//4.5 

//3.6 

//3.0 

//2 .5 

f/2.0 


4 

//3.0 

//2.4 

//2.0 

//2.0 

//1.6 


() 

//2.0 

//1.7 

//I. 5 

//I. 2 



8 

//1.6 

//I. 2 

//I.O 




10 

//I.O 





33,500 lumens, one No. 4 lamp 

2 

//9 

//7 

//0.3 

//5.0 

//4.5 

or two No. 2 lamps or four 

3 

//fi.3 

//4.6 

//4.5 

//4.0 

//3,0 

No. 2 lamps 

4 

//4.5 

//3.6 

//3.0 

//2.8 

f/2.0 


6 

//3.0 

//2.5 

//2.0 

//2.0 

//I. ft 


8 

//2.0 

//1.7 

//i.s 

//1.4 

//I.O 


10 

//1.0 

//1.3 

f/\-l 




15 

//I.O 




J__ ... 


Table XXIV gives suggest( hI ext>osure for eolor rnotiou-pictiire photography using pliotoflood 
illumination. The table is calculated for the following coiuiitionH: 

1 . Film Speeds.—Based on films having a tungsten rating of Weston 10 to 20. For converHioii for 
films having other speed ratings, 


multii)ly /-number 

by 0.35 for 

Wciston spetuls between 

0.6 and 

1.2 

U a ( t 

“ 0.5 

4 4 


1.5 

3 

i ( i ( « t 

“ 0.7 

4 4 


4 

8 

(( a n 

“ 1 

4 1 


10 

20 

W i i it 

1.4 

4 4 


24 

48 

11 ** .. 

“ 2.0 

4 4 


64 

128 


“ 2.8 

4 4 

t ( ( ( 4 i 

too “ 

320 


2. Tjamps,—It is assumed that only one hiinp is uscid in (ntcdi r(dh‘ct€)r. If n lauips are uhc*< 1 at the 
same distance from the subject, divide the apertures (/-nurnbers) giv(m by 

condition for whicdi tho (^xpoanro is to bo ina<l('. an' usunlly inort' (‘onv(MU<'nt and 
flexible than tables. Tho vise of such slide-ruU' or (‘ircnlar calculators ri'iiuiri's, as do 
also the fables which have heen given, that the photofrraplu'r estimate th(' light condi¬ 
tions lor each particular ease, 'hhis luicessity, of coursi'., inl.ro<hi(‘t's iiossibh' ('rrors 
due to mistakes or errors of judgment. But tests indicate that t he I'rrors from this* 
(aiLise are smalk'r than might be expected and that tlu* proper use of cideulators enables 
even inexperienced persons to obtain well-exposed negatives. 

Many types of exposure caleulutors are on (he market, and may usually be pur¬ 
chased tor about 10 to 50 cents. Some of the eahadatoi's are (|uito elaborate and com¬ 
plicated; the simpler types an^, perhaps, more useful for the beginner. 
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Actinometers .—Of historical interest, although seldom used any more, are actinom- 
oters which determine the “actinic value ” of the light by determining the time required 
for a piece of photographic printing-out paper to darken to a standard tint. Most 
POP materials are insensitive to the yellow, orange, and red portions of the spectrum 
and are therefore more suitable for use with “ordinary” negative materials than with 
orthochromatic or panchromatic materials. 

When using an actinometer, it should be held in the shadiest area of the scene where 
full details are desired. It should bo directed toward the light, and the time for the 
incident light (that which falls xipon the object or scene) to darken the sensitive paper 
to a standard tint should be measured. 

The Watkins and Wynne actinometers are made in watc.h form, and by means of 
.scales the time required for the sensitive paper to darken can be translated into expo¬ 
sure values. While many actinometers have appeared on the market, the Watkins 
and Wynne have been accepted as standards of this type. Since they measure the 
light falling upon the scene, certain corrections are necessary for scenes of abnormal 
reflectance. These corrections, which are furnished with the meters, vary from 3d o to 
IK times the indicated exposure. Actinometers have an advantage of being small 
and inexpensive. It is sometimes difficult to determine when the photographic paper 
is exhctly the same tint as the comparison standard, but the proper tinting time can 
usually be determined with an error of leas than 100 per cent, and svich error can be 
tolerated in black-and-white photography bexiause of the wide film latitude which is 
available in modern films. A disadvantage is that under low light conditions an 
appreciable time is reqxiired for the sensitive paper to rea(di the same tint as the 
standard, thus requiring considerable time to obtain exposure data. 

Visual-type Exposure Meters .—Visual types of expo.sun^ m(d.(‘r.s may be divided into 
three broad classes; (1) photometer devicuis by which the brightm'-s.s of a scene is deter¬ 
mined from a comparison with a e.alibrated iru^andesiumt hunp whosc^ brilliance may bc^ 
measured or estimated in some manner, (2) wedge-extinction types in which the 
exposure is determined by varying a graduated iKuitral-density wedges until shadow 
detail disappears, and (3) Htepped-w<ulg(‘ devicu^s whose st('ps arc: lettered or numlicrcd, 
the dimmest letter which can be disxauncd being taken as an indication of tlu^ inte¬ 
grated light intensity of the scene. The wedge is usually a. piece of ccdluloid or glas.s 
coated with a gelatin dye of varying density so that it va,ri('s a.pproximahdy from 
transparency to opaqueness. When using visual-exposun' nud-cu-s, care and sufficient 
time must be taken to allow the eye to accommodate' itscilf [>roperly in onltu' to ol)ta.in 
correct m(d.er settings or readings. Unlike Uie aevtinometer, visual exposun^ nudius 
measure refUaded light. 

Photometer devices operate esstmtially on tl»(i same principk^ as that of an optical! 
pyrometer. The-: brilliance of a hunp filament is matched with 1, he brightn ess of thc^ 
scene a.s scam through an opticuil finder, d'o make the indications dcjxuident ordy 
upon tht^ intcuisity of the lamp filament and not on its color, both scenes and filament 
are usually viewed througli filters whiedt transmit a narrow hand of wavc^lc'ngt hs. 'PIk^ 
temperature of the filainimt may he estimatcid by detc'rmining thc^ [)ower taken by tlu': 
lamp from a small filanuuit lighting hatU'ry. ddic: lamp tc'in pc'ratnrc: is usually adjust¬ 
able by means of a variable rc'.sistance in sc'ric's wit h the hunp. Sevcual years ago t hc' 
Bell and Howell (loncpany rnanufacd.ured such a. photoniet.c'r (exposure ikwice, hut this 
instrument has been suix^rscuk'd by photoelc'cd.ric: C!Xi)osure metc'i’S. '’I’hc^ Hcdl and 
Howell photometer c'ontains a small cdecdric bull) and dry cc'll conncudc'd together 
through a sc'lf-contained rlu'ostat. ^I'hc' mc'ter is dirc'ctc'd a t the objc'cvl, or sccaie, and 
thi' rheostat set so that the lamp filament can hc ch'arly sc'cn. 'Phe^ rhc'ostat is then 
turned, slowly dimming the filament, stopping jusf- at the: point, where it blends with 
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the subject so that the filament cannot be seen. By means of scales on the photometer 
the correct exposure can be determined for various types of films and plates. 

The Zeiss Diaphot exposure disk is an example of the wedge-extinction type of 
meter. It consists of a rotating disk carrying a continuously variable opti(^al wedge, 
together with a window for observing shutter speeds. The scales of shutter speeds are 
contained on a fixed disk which also contains a small eyepiece traveling over the 
circular wedge. The eyepiece contains a blue filter to destroy sense of color and 
give visual indication of light intensity only. In operation the photographer looks 
through the eyepiece to the subject. The wedge is rotated until shadow detail just 
disappears, when the correct exposure is indicated in the window of the rotating 
number. 



Fig. 4. Fm. 5. 

Fig. 4.^—Loudi visual exposure meter. A series of j)urtiaUy opanuo luimliers is s('(mi 
through the slot shown on the upr)er edge. The exposure is determinod in terms of the 
dimmest number which can be distinguished. 

Fig. 5.—The Instoscope visual exposure meter with hnuising eyepierre. 

In the Justaphot and Chnepliot visual exposun^ imdcu-s tlii^ lU'cessity of measuring 
the details in the shadow tiroas is overcome by observing when a. translueent ligur«* is 
just discernible. The figures eorn^spond to exposuri^ time and the light striking them 
is varied liy m(>ans of a diaphragm. In op(U’a.tion the figures, (nirresiionding to the 
desired exposure time, are sot in the line of vision in the instrument. The diaphragm 
is then fully (dosed and the meter phunal in the eortvet (^ye position and ainunl at the 
object or scene to be photographed. I'’he diaiihragm is then optuunl until tlie translu¬ 
eent number is just dis(au’riibl<!. By means of seak^s on the meter the (u>rr(Hd. /-stojis 
for the various films and plates can bc^ defi'rminod. 

At the present time the stei)])ed-wedg(; (^xposun^ nudm-s are th(‘ most <u)mmou of 
the visual type. Many modifications have Ixam produced, but usually this typ(^ con¬ 
sists of two eoncentri<! telescoping tubes. At the end of one of thesi' tubes is a focusing 
lens and eyepiece which exclude extraneous light when tlie instrument is held to the 
light. Near one end of the other tube are several areas of graded (kmsity, eacdi of 
which is eitlmr lettered or iiumbenMl. The photographer looks through tlui (lyc^picu-e 
toward the s(;ene to he photographed and sees various graded pat(di(\s (uudi witli il.s 
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corresponding numeral or letter. The dimmest figure which can be read is taken as 
the appropriate “light value” for the conditions under consideration. The outer 
telescoping tube is usually provided with a series of scales which relate the light yalues 
as seen through the instrument, the film speed, the shutter speed, the aperture, and, 
sometimes, filter factors. The proper exposure may usually be determined with a 
simple setting of a ring which may be turned or slid relative to the fixed scales attached 
to the main tube. 

Since the operation of this type of instrument depends upon a subjective estimate 
of the dimmest figure which can be read, it is noccHsary that the sliding tubes 
be adjusted for proper focus and that the eye become 
accommodated to the light at whi(?h readings are tak(‘n. 

It is usually recommended that no Headings be taken 
until the operator has looked through the exposure 
device for at least 5 sec., allowing this titne for eye 
accommodation. 

These vistial exposxire devices are simple, inexpen¬ 
sive, small, convenient in operation, and robust. They 
are usually superior to photoelectric devices for low 
values of light intensity whtu-e the ordinary photoelectric 
devices are insensitive, A properly made and ealibratcul 
and intelligently used visual (^x{)Osure rmiter will find us(i 
in almost any photographic^ ncdivity. Thc^ principal 
disadvantage's of these', instruments are that tliey are 
subjective in operation, thereby introducing human 
errors, are^ relative'ly slow in affording a rciueling, and 
some types are irnprope'rly calibrated. 

The? relative enili))rntion of seu'eral visual e'X[)osure 
meters was dede>rmineel from tlio euilil)rn,tions atljicheal 
to the meter, and it was found that, at le'ast some^ of 
thejse visual rneders arc: poorly or caredc^ssly designe'd. A 
light value: as dete'rmined by the: me'f.c'r might give a 
e:e)rree:t eixposure* for one- ai)e:rture: and shutter si)e:ed, 
hut the .same light value' might l)e off se:ve'ral Inmelre'd 
per cent wlieai useel with eliffenemt aperture's or shutter 
spee'ds. 'Phis e:rre)r e)e:emrH in the: printe'd scale:s at tacluHl 
t.o the: instrument anel is in aelelitieen te) any e:i‘re)rs e)f 
a.bse)lute: expe>sure whie'h may re:sult fre)m ine:e)rre:e:t 
mareufacture; of the ste:p[)e:el we:elge:s. It may be: e:x- 
peedeel that some: e:rre)r will e)ce:ur wlie:n fractions of a. 
see:e)nel or minute are rounele:d off te) simple: rather than awkwarel value:H. Sue:h e:rre)rs 
shoulel ne)t e:xe:e:ed 25 per e:e:rit, he)we:ve:r, anel a 25 pe:r e:e:nt e:rre)r is ne:gligible: for me)Ht 
p he) te)g rap hie: pu r pe)se:s. 

Table XXV she)ws the: values e)f re:lative e:x]>osure for varie)us ape:rture:s anel the 
e:xpe)sure:s for the:se' a.pe:rture:H as inelieeated by se:ve:ral i)e)puhir type:s e)f visual e:xpe)sure: 
mete:rs. It was arbitrarily assumeel that the: e:xpe)sure:s we're: e:e)rre:e:t for an ape:rture' 
e)f //2.8. This was the: large:Ht, ape:rture e:e)mme)n te) all inslrunie:nts, bed. any e)the:r 
aperture: might lee: c:onside:re:d as “par”; the: eenly e'n'e:e't weeedel be: to shiftthe: eerrors te) 
seum: otheer aperture. Assuming tlie: e'xpeesure for the://2.8 ai)e:rture: to l)c e:e)rre:e'.t, the: 
e:xpe)sure time for e)tlu:r a,pe:rture:s was e:ale:idate;el anel e-eanpareel with that indie-ated by 
the me;te:rs, as she)wn in the: table:. The: erreers were: alse) taleulateel. 

It will be eebserveed that for the first type: eef me:te'r, a vc:ry sneall anel simple: vest- 
pocket type, the errors bt:e:ome cumulative: l)e:e:ause'e)f the: inanne'r in whie-h the* progrea- 



Fiei. (i.—Bowi Sr. visiuil 
c:xi)08iire niete:r with focusing 
cye:pie:e:c.:. d'his mote:r has a 
blue: filter and vie:wiiig screon 
<:ove:ring die avt:ruge: field of 
vie'w, which enabhis the: phe)- 
teigreiphor to obtain a good idea 
of what his iihotograph will 
look like anel at. the same: 
time: e'luibles him to del.er- 
iniiu: e:xposure:. 
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sion of apertures was chosen relative to that of the exposure time. The second 
exposure meter reaches a constant error for small apertures but also resiilts in relative 
errors for large apertures, also because of the manner in which the progression of aper¬ 
tures was chosen. The third instrument was designed so that the apertures 
and shutter speeds progressed in proper sequence, and the result is that nowhere does 
it produce any serious errors due to this cause. Errors of 60 per cent might 
be expected from inexpensive instruments of this type and would probably produce no 
great harm for amateur work. 


Table XXV. —CoMPAEisoisr op Some Visual Exposure Meters 


AyiertAire 

Correct 

relative 

exposure 

Ijeucli 

Instoscope 

Bewi Jr. Model II 

Bewi Sr. 

Marked 

exposure 

Error, 
per cent 

Marked 

exposure 

Error, 
per cent 

Marked 

exposure 

Error, 
per cent 

Marked 

exposure 

Error, 
per cent 

//l.O 

0.25 

0.20 

- 25 







//1.4 

0.50 

0.50 

0 





0.50 

0.0 

>/2.0 

1 

1 

0 

1 

0 



1 

0.0 

//2.8 

2.0 

2 

0 

2 

0 

2 

0 

2 

0.0 

//3.6 

3.1 

5 

+ 61.3 

4 

+> 29 

3 

-3.2 

3 

- 3.2 

//4,0 

4.0 



8 

+-100 

4 

0 

4 

0.0 

//4.5 

5.0 

10 

-hlOO 




6 

H- 20.0 

//5.6 

8.0 



15 

+ 

00 

8 

0 

8 

0.0 

//6.3 

10.1 

26 

147 




12 

+-18.8 

//8.0 

16.0 

()() 

4-275 

30 

+- 87.5 

15 

- 6.3 

15 

- 6.3 

//9.0 

20.2 







25 

+ 23.8 

//ii.o 

33.0 

120 

■+-375 

60 

4-87.5 

30 

- i) . 3 

30 

- 6.3 

y/12.5 

41 .5 







45 

■+* 8.45 

//lO 

64.0 

300 

-43(50 

120 

4-87.5 

60 

- 6.3 

(H) 

- 6.3 

y/18 

81,0 







90 

-f 11. 1 

//22 

128.0 

600 

-|-3()0 

240 

+ 87.5 

120 

- 6. 

120 

- 6,3 

//25 

1 ()4.0 







180 

+" 9.75 

y/32 

256.0 

1600 

-f 485 



240 

- (i. 3 

240 

-- 6.3 

//3() 

324.0 







3()0 

-i 11.1 










LeiiM apertu re. 

//I- 

-//32 

//2-//22 

//2.8~//32 

//1 .2 //:{(■. 

Hclieiiuii* ratiuK. 

1 7- 


17- 

31^ 

1()- 

^26° 

1- 

32*=^ 

.KxpoHUiti time. 

ii 00 0 

.4 -25 lu 

10 0 0 

s-25 in 

3-4 0 0 

m~" 2 h 

}' ii 0 0 0 

H “3 ll 


The range of film speeds, apertures, sluitter speeds, filter factors, and light condi¬ 
tions which visual exposure meters include in their operation, of course, varies wit h th(‘ 
instruimmt. Usually, howev(T, they may be expected to have from 10 to 20 gradiul 
areas for determining the light value. The film speeds, which are usually marked in 
kScheiner speeds (since most of these devices are made in Europe), range from Scheiiu'r 
16 or 18 minimum up to Scheiner 30 or 32 maximum, although with the introduction 
of faster films, the upper range may be expected to he extended in the future. Shutter 
speeds usually vary from 11 ooo or Itsoo sec. minimum to about 30 min. to 2 hr. for the 
maximum exposure time. Filter factors up to 16 may be expected to be taken into 
account on some of the better designed devices, although in many of the less expensive 
models no provision is made for taking into account the filter factors. Table XX V 
shows the range of axierture stop, him speed, and exposure time for several well-known 
makes of devices. 
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Photoelectric Exposure Meters .—The photoelectric type of exposure meter, when 
properly used, is the most precise type of exposure device available. It gives an indi¬ 
cation of light conditions on a scale and is devoid of subjective estimates which intro¬ 
duce additional human errors. It is not well suited to use where the light intensity 
is low, largely because of the low oxitput of 
the photoelectric cell, and it is the most expen¬ 
sive type of exposure instrument generally 
available. When properly used and within the 
range of light intensities for whi(^h it gives a 
positive indication, it is unusually satisfacdory. 

The photoelectric t.ype of instrument con¬ 
sists essentially of a barrier-layer type of 
photoelectric cell and a sensitive direct-current 
measuring instrument. The barrier cell may 
consist of disks of copper and copper oxide in 
contact, or of iron and selenium. When 
such a combination of elements is exposed 
to light, electrons are relc^ased resxilting in a 
current flow both in the photoelectric (^('11 and 
the external circuit. This (uirrent will flow 
so long as light falls upon thescmsitivesurface. 

If this external circuit consists of a galvanorri- 
eter or a s(uisitive d.-c. under a defhudion of 
the meter will b(^ obtained a.nd the nud.er (^an 
l)e calibrated to indicatx' th<^ aitiount of light 
falling on the photoehndric. (udl, or tlie scale 
can b<^ calibrabul in exposun' vn.lu<‘s. Thti 
current flowing depends upon the lypt^ of 
materials usc'd in th(' phofroelectric <a'll, but 
for any given cell tlu’^ eurrimt is approximat('ly ])n)port ional to the a.tx’ia of tlu'. cell 
and to th(‘ aiuouid of light falling upon its s(Misiti\’(' surface. Conserpiently, 
for a given (u'll, th(^ mtd('r may be (ailibrated in terms of sotrn^ (a)nvc:nient illundna- 



Fk}. 7.—The General Electric expo¬ 
sure meter using the Weston film-speed 
syst em and (utlihraic'd in foot-candles. 



t ion units. A pt'crnliarity of tlu^ l)arri(';r typ(^ of (adl is that it eorjV(u*ts, direcdly and 
without, tluf assistiince of batt(U'ie.s, luminous flux into a.n elisdric eurnud.. Gons(‘- 
(juently, sinc(‘ no hatt.cries are reepnn'd, sucdi phot<)(d(a-tri<'. oxposun^ nudtu's may l)c 
made (|uit.e small and e.ompa(d.. Monrovia’, .so far as is known, t lnuH^ is no d(d,(uiorat ion 
of t.lic harrier-layer type^ of photex^hsd ri(* (u^Il, so tha t t lu^ lif(' of a. i)hot<)(dectri(; cx[)osur(^ 
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meter appears to be limited, oiily by physical damage. By means of a calculator or 
tables the meter readings can be translated into exposure values. When a photo~ 
electric exposure meter is directed at a scene its indication depends \ipon the averages 
brightness of the area taken in by the meter. The Single subtended by the <lianieter 
of this area, having its apex at the exposure meter, corresponds to the view angle of a 
camera and is usually referred to as the acceptance angle of the exposurti mc>t(w. '1 his 
acceptance angle is governed by the location of the cell with resptict to th<^ (Uise or by 
the use of baflB.es over the photoelectric cell. 

Operation of Photoelectric Exposure Meters .—It is a characteristic of photochMdrio 
exposure meters, as well as of other types of exposure devices, that tlie integrated or 
“average” illumination upon the subject is the quantity which is dtiterruiruHl by ttui 
instrument. But from the photographic aspect the subject is corn{)os<Hl of artais <>1 
different color and luminous intensity, and it is these diflerences in intensity (a.n<l in 
color photography, the differences in color) which it is desired to rec:<)rd on tlu's photo¬ 
graphic plate. Since the subject may consist of varying areas of tlark and light sub¬ 
jects, it becomes evident that the integrated light may not n^sult in (he b<\st exposurt's 
value. This may be made more clear V)y means of an example. 

Suppose we have a checkerboard of alternate white and black Hciuar<\s which wo 
wish to photograph in such a manner as to reproduce most nearly the origirud iinag<u 
From the discussion on page 204 of the chapter on Photographic^ Scuisitonudry, it iw 
evident that the exposure should be such that light rcdlected from the' white* arc'SH 
should provide an exposure for the negative; falling on the straight-liiu; |)<)rtion of t.lu; 
D-logio E curve. Similarly the light I’oflected from the l)lac:k sciua-rc's should be* such 
as to produce an exposure which will fall upoji the; straight-liru; portion of this hhiik; 
characteristic. When an exposure meter is used to determine the; (exposure*, t he meter 
will read a value of illumination (as a result of liglit reflecited from t.lu; clu;ck(*rl)onr(l) 
which is the integrated sum of the white and black jirccas. A single; rc'ading rat lu'r 
than two (one for the black squarc;s and one for the; white s<iuarc;s) is obtaiiu'd, nnu'h 
the same as if the entire cardboard w(!re gray in tone;. Of c.oursc, t his int c'gnit c'd nu‘t.c*r 
reading serves some purpose since it tends to prev(;nt gros.s o\’(*r- or under-(*xj)osur<‘, 
but the method of measuring average light or obtaining an avc'rngc; c'xpoHurc' value* is 
not always a certain method of obtaining ccorrecd, exposure; dM.t.a (see; page* 2.'')7 which 
explains methods of using exposure; meters). 

Two inherent difficailties have boon en(;onnt(*rc;d in (he above* (‘xainplc*, niid (*nfh 
may be overcome with intelligent use; of the exposure; m<;(<;r. d'lu;se ha ve (o do \vi( h : 
(1) the angle of view throughout which the; photoeleclric. c'xposurc; in(*(,<*r is t*iTcc(i\’e, 
and (2) the fact that the indication of the nH;t<;r is due; to l,lu; avc'rage bright n(*sH of 1 lu* 
object or scene included within tlu; acet*p(,ainc,(.; a.ngle of the; nu;ter. 

The acceptance angles of most photoelectric; (•;xposure met(;rH on (.lu; ina rk(*( a (, 
the present time are too large, as many of them exceed tlu; angle; of vi(*w of tlu* typical 
camera lens, which is approximately 60°. This means that all tlu; light wit hin a cone* 
whose angle is 60° ( +30° from the axis) has an effect upon the photoelectric cell, but. 
because of reflectance of light by the glass over the coll and the; surface of (lu* c(*ll, (lu; 
loss of light at oblique angles is appivciable. ''rher(;for(; all (;xposurc; nu;t(*rH li*n(l (o lu* 
quite selective to the center part of the scene. Cons(;<iu(;ntly, if it is <h*sir<;d to obt a in 
readings of light or dark areas independently of the integrat ed light value; of t.lu; (;n(ir<* 
scene, it is necessary to make the rcuidings with the exposure ni(*t(*r suffici(*ntly cIo.'hc* 
to the subject so that the desired area to be m<;asured, but no ot luu- ar(;a, falls within 
the 60° cone. For example, if the light intensity of a person’s fact; is to lit* detcirmined, 
the exposure meter should be pointed at the face and should be not more t han ab'>o.(. 
a foot from the face when the reading is taken. The reading olitained will indiciatc* 
the average value of the light reflected from the face, which may be (pute different 
from that reflected from a dark suit. 
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The acceptance angle of the majority of meters on the market today is entirely too 
large, so that the meter indications are affected by light from areas which are consider¬ 
ably outside the picture area. I^arge acceptance angles are therefore objectionable 
from the viewpoint of the photographer since tlie meter must be more carefully used 
to prevent erroneous readings. The manufacturing cost of a photoelectric exposure 
meter is governed quite largely by the acceptance angle, as large angles permit the use 
of considerably cheaper galvanometers because njoi'e current is available from the 
photoelectric cell residting from the increased area from which the light is accepted. 

Methods of Limiting the Acceptance Angle .—The acceptance angle of an exposur<i 
meter may be controlled by any method which will restrict or prevent oblique light 
from reaching the photoelectric cell. One method is to Uxaite the pliotoelectric <u;ll 
deep into the meter case so that tiu? case itsedf a,cts as a baffle. 'This method is ustnl to 
a larg(i extent in the metcirs made in lOurope V)ut, owing to lack of spa<ie within the 
meter case, the amount of baffling obtained is so small that the resulting accc^ptanc-e 
angle is entirely too large. Some meters such as the Mini-Photosc.op exposure meter 
mount the photoelectric cudl on an angle (approximately 45° from the vertical plane) 
and also utilize a mirror mounted so that the cell and mirror form an angle of 45°. 
This method quite definitely limits the acceptance in the verti(;al plam^ but is not very 
effective in the horizontal plane, tlu^ theory Ixung that tlu; (4itrunation of exc(^ssivc 
sky and foreground light is adcciuate. Other meters sucli as the Weston, Metrovi<^k, 
Helios, etc., xitilize a nux’hanical baffle over the photoelectric^ cell. These mechanical 
baffles usually consist of either thin plates latticxxl tt>gether or solid or laminatcxl 
thin plates containing a number of holes, the ratio of the width to tlui d(q>th of tlx’i 
individual holes lieing the factor whitdi governs tlu; ac{;cpt!uu;e angle. '’Ihie Chuucral 
Klectric exposure; met(;r utilizes a nu;(;hani(;al baffle but is dil’f(;r(;nt in !u;tual c,onstru(‘- 
tion from the al)ov(; meters. Instead of using a relafivc'ly thin f)lat(; containing a. 
number of holes, tins met(;r has a sliding baffle; of appreu-iabh; dc'pth (1.4 in.) ami 
contains a single hole (1.53 V)y 0.74 in.) for the light to ('nt(;r. This baffle wh(;n m)t in 
use forms a protective cov<;r for tlu; ('utirc' m(;t(;r. 

Polar diagrams (h'ig. 9) show tlu; accrc'ptane<; aiighcs of a nurnbc'r of ('xposure 
m(;t<;r8. It will be seen tluit while; all tlu; m(;(.<‘rs are more' s(;l(;etiv(‘ to light a,t normal 
incid(;nc(;, many of th(;m art; alTc;ct('d too imuth by oblicpu; light which would be far 
outside; of tin; view angle; of most canu;ras. 

/Scale (Uilibration.'i. -M(d(;rs having s(;al<'s calibratc'd to lx‘ dirc'ct residing in (utlu'r 
/-stops or shutt(;r si>e('ds art' tpnte (;t>nvt;nitmt to ust' providt'd tlu; saint; tyfit; of film tir 
platt' is always ustxl and also if the saint'/-sttip tir shut f.t'r sjit't'd is u.s(;d at all l,im<;s. It 
shtmld be obvious that, if a st'alt; is calibrai.t;d in /-numlx'rs, it can lx; dirta;t rttading 
only for tlcfuutt; t;ombina( ions tif shuf tt;r spt't'ds a nti film Hp(;(;ds; or if tlu; st'alt' is 
t;alibratt'fl in shut.ter si>t;t'tls, it can bt' dirt'ct reading only for (;erla,in t;t)mbina.tit)us tif 
/-sttips anti film si)t't;tls. Also, vvhilt' ( ht; eondiinaf ion of/-slop a nd shuf.t t;r spt't'd indi- 
c,att;tl may be t;orrt't't as far as t'x[)t)surt' is conct'rnt'd, if. may not, lit' a usablt; combina¬ 
tion, sinttt; tlu; /-stop may bt' inct)rrt;t'.t in tirdt'r to tiblain suffit;it'nf, tlt'pth of fticus, or 
tlu; shut!,t;r spt;t;tl may bt; Itit) sltiw ft) arrt'st nmtitin, 

Bt;canst; t)f tlu;st' liinif al itins I ht; ( rt'iitl in t'xptisurt' rnt'lt;rs nt)\v is ttivvartl using scab's 
with t;itht;r arbitrary st;n,lt's, as t)n tlu' Wt;stt)n .Junior anti ('int' Mt'tt'rs, Mini-Pht)l,o- 
sctip, t;tt;., tir wit h st'alt;s t;alibratt;tl in fnntlanit'nta 1 units, such as t.ht; (}t;nt;ral Mlt't;trit; 
meter which is t;alibrat,t'tl in ft)t)|,-t;antllt's tn- tht' Wt'sttm Univt'isal whit;li is calilnalt'tl 
in cantllt's i)f;r stiua.ro ftitit. Tht'st' mct.ers a,rt; t'xj rt'int'ly flt'xihlt; ttitils as t lu; sca.lt' ca,li- 
bratitms art; intlt'pt'ndt;nt tif film Hpt;etls, /-ships, tir Hhuttt;r spt't'tls. Hy nu'a.ns tif a. 
calculator which is a.n intt;gral jiart. tif t lu;st; nutt t'rs t ht' st'alc; rt'adings can t'asily bt; 
translatt;tl into a st;rit;s tif t;xpt)surc valut;s, tht' cluiit't; t)f any combinatitin tlt'pt'iuling 
uptm whet.ht;r f.ht; shut t.t'r spt'etl must be fast enough t.t) st.tip nuit.itm tir wht;t her ctni- 
sideralile dt;pth of focus is tlt'sired. 




Table XX\ I. —Characteeistics of Popular Photoelectric Meters on the American Market 
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Characteristics of Photoelectric Exposure Meters .—Table XXVI gives the essential 
ojMjrating characteristics of the more important photoelectric exposure meters avail¬ 
able in the United Statesd 

Desirable characteristics of exposure meters of this type include: (1) approximate 
ciquality of horizontal and vertical acceptance angles, (2) long scale, (3) high sensi¬ 
tivity, (4) accommodation to wide range of /-numbers, (5) accommodation to wide 
range of film speeds, (6) accommodation to wide range of shutter speeds, and (7) scale 
<*alibrated in arbitrary units which are proportional to light intensity or, preferably, in 
terms of photometric units. 

The polar-sensitivity characteristics of a mimber of photoelectric exposure meters 
arc shown in Fig. 9. 



Fio. 9.- Polar diugrurn showing the relative sensitivity of a number of photoelectric 
exposure meters for light corning from the angles indicated. The zero angle is, of course, 
the opticnd axis of the meter. The letters refer to the various exposure meters as follows: 

B, liowi; P], Eloctrophot (RhairiHtin(0 ; O, CJeneral Elec-tric; //, Helios; Af, Meltrovick; AfP, Mini- 
I*hot(>s(U)p; Phulur; aS, Sixiun; VEi, WuhIoii UuivcM-sal (>50; Wi, Weston Junior 850; If'a, Weston 
( Une SIR. 

"rh** Kifjcuifi<Minoe of tlic^ HuliHerintH is Riven iis follows: 

h, iiorizontul plane; vf, vertical plane, foreground; m, vertical plane, sky. 


Methods of Using Photoelectric Exposure Meters. Brightness-range Method .— 
l''nn(l!im<'ntnlly we (h'sirr^ to c^xjrosc ttu^ ru'gativc, so that th(^ light intensities from the. 
\ ariouH n rt'HH of t he sceiu' Ix'ing irhotographed will mak(i of the straight-line portion 
of tlu( />-logii, E clui.ra<:t(“ri,s1 ie. This means that tln^ (exposure of both the brightest 
part n,H well as t lu* darkevst part of tlu^ scene! will fall on th(‘, linear rcigion of the D-logui A’ 
curvt'. TIh' ning(' lad wtaui ih(! liglib'st anti darkest light values of the scene is termed 
t he bright tu'SH range, a nd if this docis not (!XC(H!d about 125 (i.e., if the brightest 
an-a is not inoi’c t han 125 times as bright as tlu' darkest area.), it is usually possible; 
(o make an (!Xi)()Hur(' on moch'rn films so that tin; straight-line portion of the eiirvc; 
is used. d’h(! nu'lhod by whi<‘li this is aeeomitlished is known as the brightness-range 
met liod. 

'I'o us(> Miis irudhod, Hu; laaidings of t.h(' motor should be nurneruudly proportional 
to tlu' light intensity r(!aelung t lu' m(!t<‘r, ra.th(!r than in/-sto{)s or arl)itrary letters or 
(ignr(‘s. 'ria* light relleeled from I lu' brightest, port ion ol th(' setnie; :is w(dl as that from 
t li(‘ darkc'st port ion of t li<- semu' is indeptnuleiiitly nu!HSur('<l. The ratio of these two 
rt'adiiigs (leUnniiiu's t.li<' brightness range ol th(‘ set^ne ht'ing [)hotograplied. '^riie; 
geom(!lri(! nnuin of the!He t wo readings is tlun tiikcm as tlu; light rea.ding tor which the 
(“xposure sliould be iinuh'. An exjiinple will maki; this <.“lc!ar. 

' A more (!<)nii)lt!t«! (able of cluuiiot.eriHtics of photoelectric exposure meters appears in Photo Technique, 
1, No. 1, .luiic, ItItW. 
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Suppose the brightest part of the scene measures 500 candles per sq. ft. and the 
darkest part measures 5 candles per sq. ft. The geometric mean of these readings is 

the square root of their product, or "v/5 X 500 = \/2500 = 50. Thus the reading 
50 should be taken as the most suitable light value for which to determine the exposure 
time for the given aperture and film. On some meters the geometric mean of the two 
readings may be determined by properly marked scales and limiting marks, as in the 
Weston Model 650 Universal exposure meter. 

Darkest Object Method .—Since the range of scene brightness does not often exceed 
about 128 (which particular figure is chosen because only an approximate value is 
required and this one is a power of 2), it is often quite satisfactory to measure the 
brightness of the darkest object or the darkest shadow in which detail is desired, if 
these can be approached sufficiently closely to be measured and are not below the 
sensitivity of the exposure meter. This light reading may then be multiplied by 10, 
and this reading can be taken as the best compromise for determining the proper 
exposure for the entire scene. 

For example, suppose that the darkest shadow nxeasured 5 candhxs per sq. ft. as 
before. The proper exposure for the entire scene, according to the darkest object 
method would be 5 X 10 = 50, which should be used for determining the shutter sfxtuid 
or aperture from the calibration of the meter. 

Brightest Object Method .—Sometimes the sensitivity of exposure meters is not 
sufficiently great to permit an accurate reading to be obtained Ixy the “darkest obje(':t 
method.” In such cases the brightest object method may be used, which is similar to 
that just described. In the brightest object method, the l)rightest olxjtu’t in the H(a>no 
is measured. The reading thus obtained is divided by 10 to obtain th(^ best mcttxm 
reading for which to determine the exposure. 

Suppose, for example, that a sheet of paper happens to the l)righteHl, part in th<i 
scene being photographed, and that the met(U' reading is 650 foot-c^aiulles. meter 

reading of 65 may then be taken as that most suitable for cU'termining the caine^ra 
adjustments by means of the tables attached to tlu^ nu^tx^r. 

Both the brightest object and the darkest obj(!ct methods dtipend upon the asHUtrjj)- 
tion—whicli is usually true—that the brightness ratio of tlu^ sccuie doc's not greatly 
exceed about 100 to 1. If the brightness range is mmdi greatcu' tlnin t his, t in' la t itinh'. 
of the film may be inadequate to permit exposure of both th(^ bright and the dark 
objects simultaneously on the linear region of the II a.nd D cxirve. In Hindi cua(\s a 
compromise must be made if correct exposure is to he obtained. It is then expedient 
to determine which portion of the smme (light or dark) is of greater interest and to 
ascertain that the more important part is properly exposial, at the ('xi>en.s(' of the le.ss 
important portions. Thus, for example, if a bright sheet of paper is the dominant 
subject in the entire scene, the brightest objeid method would ordinarily be tin' [ire- 
ferred method of the two. If a, dark suit is to be properly photograplu'd in the si-i'in', 
the darkest object method is to be jireferred. 

Average-brightness Method .—Where it is inconvenient or impossible to measure (be 
light value of the darkest object directly, then the average values of the entire scene 
can bo measured by directing tin; meti'r toward the center of the sci'iie. In this 
measurement it is prefi'rable to ha,ve as little sky iindinh'd as possilile. I'kir examph', if 
buildings with reasonable fon'ground are to be photographed with op<ui sky overhead, 
then the meter should be direiited slightly downward, so that the imaginary 60“ cone 
area covered by the electric eye does not extend into the sky area. 

Substitution Method .—When the brightness of a dark-colored object in the shade is 
very low so that it cannot be measured with accuracy on the instrument, or possibly 
not at all, its approximate value may often be determined by the following .substitution 
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method. The method is especially suitable for auxiliary use with the darkest-object 
luethod. 

Make a measurement of the same or similar object in the sunlight or other bright 
location where a readable indication can be obtained on the meter. Then replace this 
object with a sheet of white paper or white handkerchief and make a second reading on 
this. The ratio of these two readings will give the ratio of the reflectance of the paper 
to that of the object. Remove the paper, and place it in the position of the object 
whose reading is desired (and which is below the reading of the meter) and make a 
measurement from the paper. Divide this reading by the ratio previously formed to 
obtain the light value of the desired ol)ject. 

For example, suppose the reading obtained on a similar object in a brighter location 
is 2 and th(^ reading on the paper or handkerchief in the same location is 20. The 
ratio of these readings is 20:2 or 10. If now we obtain a reading of 1 from the sheet of 
paper placed upon the subject whose light value is desired, the reading from the desired 
subject will l)e 3d'o- It should be rt'alized that this method is in certain cases a con¬ 
venient approximation. It is most succ*.essful where no appreciable differences of 
c,olor between the two objects being measured are incurred. For example, if the light 
is to be determined for dark-gr(H‘U foliage, it is best to make the ratio test between the 
])aper and brightly lightcal foliage, rather than between the paper and, let us say, red 
flowers. 

Incidentally, these methods of using the photoelec’.tric exposure meter are equally 
applicable for t hos(^ cases in which a visual exposure meter is employed. 

Coordination of (uuneras and meters is of considerable importance in order to 
obtain <uu-r(H‘.t (^xposurca No nudxu* or canuwa is perfect, and the calibration errors in 
both will j)robably Ix'ar an inv(‘rs(^ ratio to the purchase price. This statement is 
bascid upon tests inmh^ on many met(ws and canKU'as. Unfortunately it is not as sim- 
]il(' to test and r('a<ljust. aii ('xposure nu'ter or canu^ra as it is to test and nuuljust a 
watch, howev(*r, if with a. i)art-icular nudc'r or canu'ra you ol)tain comsistent under- 
('xj)osur(' or ov<u'('xposur(', tlu* <df('<‘t wh(^(.h<'r due to t.li<‘ (“uiH’ra. or m('ter (“an be (a)r- 
na't.ed by changing th<' lilin-spe('(l s(‘t t ing. l^^n-(example if consist,(uit umh^rc^xposiire is 
obt,aim'd wlu'ii using a. film or pla,t'<' ratcid at 23 SclH'iiuu' or 24 W('st,on t,hen tb(^ rating 
sliould b(' d('cr('a,s('d to, pc'rhaps, 20 or 21 Sclu'im'r or Hi or 20 W(\ston dc^pending upon 
t,lic ('xtcnl of underexposun'. Tins Jiu'thixl of (urrcction <loes not tuxaxssfirily nu'.a.n 
that th(' film oi' i)lat(' is incorn'ct ly rat <al, but t lx' iiK'tlnxl ol changing tlici spcnnl ratings 
merely ofh'rs a. simph' way to correct for incorn'ct. (‘xposun'S which tnay be due to 
incorn'clly timed slmttc'fs, incorr('<d,ly calibrat'd diaphragiris, or for the t,yp(^ of 
dcw<Ioper us<'d, ('t,c. 

'^riu' actual aiX'rturc' vahu' (lcp<'nds upon wlu'tlu'f the dia,i)hra.gm Is Ixtmg ojxux'd 
or clos<xl. t’or ('xainplc, Ic'sls on inatiy cann'ras showc'd that, the; /-Htoi)s not. oidy 
varic'd in actual calibration but w('r(' (U'lX'mh'nt on whc'tlx'r the /-st.op (h'siixxl was 
approa,clu'(l from a. smalh'r or larger o|)<'ning. Ibu’ examph', if the dia.i)hragm was 
mov('d from //d.f) to f/H, tlx' a,p<'rtur(^ would Ix' la.rg('r than if t,h(' dia,phra,gm wa,s 
mov(xl from //Hi to /, S. Th('S(' ('rrors an' larger on short-focal-h'iigt h <'a.m<u'a,s such as 
ininia,t,iir(' and ciiu' canu'i'as t liaii on l lu' 1<mg-local-li'iigl h canu'i'as because ol f.lH^ muc'h 
smalhu'act ual api'rturc'. It was also found that, tlx'sc^ ('rrors w('r<M'onsid(‘i'ably gr('nt('i 
in t h(' low-priced canu'ras. It, is I h<'i'(*loi'e n'eoinnu'mh'c 1 always to sc't tlx^ /-si,op 
from t ill' sanu',(1 ir<'cI ion, v\' hich wil 1 ix'su 11, in t lu' .sa in<' apt'rI uri' a t a 11 t,imc's Ioi l,lu' saim^ 
/-stop calibrat ion. 

Wh(‘n using a.n t'xposuri' nu'h'r, it should Ix' ap|)rt'cial('d that, it, is a, phol,ographic 
tool and like any tool I lu' mon' knowledge of it and t he mon' ('xperit'nce you have with 
it, tlu' b('tt('r it will st'rve you. d’lu'rti has Ixxui and probably will c,ont^ml(^ to be much 
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data published regarding the use of exposure meters for special applications. The 
majority of these data can be summarized as follows: 

1. Measure the brightness of the principal area in the scene, the face for portraiture 
work, the principal building if taking a street scene, etc. Convert this reading into 
exposure values according to the instructions furnished with the meter. If the 
particular scene is extremely contrasty and details in the shadow and high-light areas 
are desired, then measurements should be taken of these two areas and a geometric 
mean value of exposure chosen. 

2. For highly specialized work where special lighting and certain types of pictures 
are required, it may be necessary to develop special technique in reading and inter¬ 
preting the meter readings into photographic exposure. For example, on a certain 
type of setup it may be noticed that either over- or underexposure is consistently 
obtained. This may be due to any number of things such as the quality of the light 
being considerably different than that used in determining the film-speed value, (;amera 


calibration or meter calibration may be incorrect, etc., but, by considering the exposure 
meter, not as an infallible tool, but as a useful practical tool, corrections can be 
artificially made by altering the rated film speed value to correct for consistent over- 
or underexposure. 
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CHAPTER IX 

PHOTOGRAPHIC LIGHT SOURCES 

By Beverly Dudi.ey 

Definition of Light, —The various ways in which the term light is used Tiiake it 
desirable to forimilate definitions so that a common basis for discussion may be 
provided. 

Scientific Definition .—Beciause of the manner in which the term light is associated 
with subjective stinpili, it is extremely difficult, if not impossible to frame an entirely 
satisfactory and scientific definition of this term. We may, however, devise a reason¬ 
ably satisfactory definition wliich will be useful for many purposes. Thus light may 
be defined as the radiant energy having wavelengths of from 400 to 700 m>x.’ These 
limits are approximately those for which the human eye is sensitive, so that the 
definition given above includes only those radiations which may be expected to 
produce, in the normal per.son, a visual sensation. 

Phifsiological Definitions. —Physiologically, light may he (hdlned as that radiant 
energy whi(di, impinging upon the eye, trav(4s through the cornea, acpieous humor, 
crystalline lens, and vitreous humor, successiv(4y, ultimately falling on, and passing 
through, tln’i retina until it reaches t he sensitive rods and cones vvhen^, in normal eyes, 
a photoclu'mical rcuiction is set up leading to the excitation of the nerves endings. 

Psychological Definition. —Psy<4iologically, light may defined as the stimulus, 
to the (‘y(' which, in normal person, results in semsations in the brain, permitting th<‘ 
perception of visual form intxmsity, color, perspective', a,nd size'. 

Photographic Definition. —U\ a bre)ael se'nse' “n,ctitiie’” light, i.e., that light which is 
e'apable e)r alfe'e'ting phole)graphic mateu'ials, may be' eletineMl as the\ raeliant energy e)f 
Himli wave-lengths as are' e-apable- of proelucing a, lateutt image' on a photographically 
.sensitize'el film, i)late', or e'mulsie)n. It is eviele-nt that thee range' of waveelemgths of 
“ae'tiniee” light will ele'|)eenel upon tliee speectral-se'n.sitivity e'harae'teeristieeH of the photn- 
gra,i)hie*. mat.e'rial. For i)ane‘hre)malie' materials (he rangee e)f waveeleengths may be 
eee)nsieU're'el te) be- fre)m aboeit 37(0 (e) 700 m^t whie'h e'e)rre\si)e»nels fairly well te) the range 
fe)r whiefii the' human vyo is seensit ive'. Fe)r e)rltu)e*hre)inatie' mateerials, thee upper limit 
itiay be' taUe-n at abeeui fiOO niyu, whea-e'iiH Inr e)rthe>ne)n e)r neene'olor-se'usitive matevrials, 
the' ui)pe'r limil may be- appre>xima.te'ly 540 uim- lb)r spe'e'ijil purpe>se>s, phe)te)gra.|)hie^ 
inal.e'rials may he^ se-nsiti/e'e! to e)the'r Wiive'le'ngl h range's; “ae'tinic light" for sne'h 
inate'i'ials will, ne'e'e'ssarilN', ha\'e' waN'e'h'ngt h limits elidc're'nt Iroin theese' list e'el aboveL 

Nature and Characteristics of Light. At the' pre'sent time' t he-re' are) twe) th(H)ri<'s 
e'eme-e'rning the' natui'e' of light, e'oe'xist.ing sieh' by sielee. 'I'he'se are' the' wave'-me)tie)n 
the)e)ry, whie'h is use'ful iti e-xplaining sne'h [ihe'neetnemi as re'lh'e't ie)n, inte'rh'^re'nce', re4 rae)- 
tion, dilTrae'tie)n, anel polarization; anel the' eiuantnm lhe'e)ry, whie'h e'xplains the me)re) 
re'ce'ut aelvane'e's in X rays, raelijition, anel phe)toe'le'<'trie'it.y. 'I he' laeh tihat t.wo ttie';e)rie's 
are) reaiuii'e'el a.eh'e|ini.te'ly te> e'X[)re\ss the- e'harae'le'ristie's e)l eelen'treemagnedie) raeliatie)n 
re)sults fre)m the' inability e»f the' human minel te) e'e>ne'e'ive) e>f me)re' than two mclhe)els by 
whie'h e'lie'i'gy e'an be* t ransfe'rre'el. One' e)l the'se' is by the' ae'leuil translcr ol matter 

1 Milliitiicrot) Ih nbtjroviiUcd ihm- Oir oilier imie.M iiHcd in tnoiiHurhiK and HiiecifyiiiK HkIU' wave- 

li'iiRth, Hce e'luip. 11, 11, fi"*! (tiii|). X, |)eiK<> 
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itself, and the other is through the medium of wave motion. When our knowledge and 
insight into the physical nature of light are more highly developed, it is reasonable to 
believe that a single theory of light shall be developed which will embrace the experi¬ 
mental evidence and theoretical considerations which are now included, separately, in 
the wave motion and the quantum theories. 

According to the wave theory, light may be regarded as an electromagnetic 
disturbance propagated in a hypothetical medium (called the ether) as a transverse 
wavs’- with a velocity of c = 2.99796 X 10’° cm. per sec. or approximately 186,300 
miles per sec. 

In any wave motion, the relation between the velocity of propagation c, the fre¬ 
quency (or number of alternations or vibrations per imit time) p, and the wavelength 
(or distance from a point on one wave to the corresponding point on the next adjacent 
waves) X, is c = Xp. Light in the visible region extends from wavelengths of from 
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Fig. 1.—Waveleiigth-freciuetuy relationship for the vi.sil)le and iidj:i(M‘nt siKMUrums for 

light traveling in free spare. 


400 to about 700 mg, so that the fnaiuenc.y of visil)le ligld may lx; ('X|)ect(Ml tcxxanir 
within the range of approximahdy 7.5 X 10‘‘‘ to 4.3 X lO'^’ cycles per see. as shown in 
Fig. 1. The color of a giv<m light desponds upon the fr('<ju('rie.i^\s or wnv(dengtbs of 
which it is composed, as well as tin; magnitude of the (uu^rgy at theses fr(Miu<mei<^K or 
wavelengths. 

Light, of only one fre(pi<!n(‘.y or a. very small r}lllg(^ of freipumeieH is said to Ix^ mono¬ 
chromatic and results in a, s(mKHtion of a single pure or sp('(d,ral eolor. Wlaui moni 
than one frequem^y is prcisent, the light is said to be bet(u-o(diromatie, but tb(' unai<l<Ml 
and untrained <\ve dot^s not usually distinguish IxttwtHm nu>no(dirf)ma.tie. and li<d(‘ro- 
chrornatic radiations in tlie visibh^ spoetrum. Pure moaochrornatic- light of a. singh; 
frequency does not exist, although it may be v(uy (dosety approaclied. Whit(' light 
consists of approximat(;ly (xjual intensities of all frcqiu'neic^s within the; visible? sixu;- 
trum. Consequently, by prop(?rly eombining (colored lights, it is i)()ssil)le to prodiaa^ 
white light. 

By permitting light to fall upon a smooth surface, the dirc'ction of pr<)i)agati<>n 
of the light may he a,lt<;red, and the light is relieeted from the surfa.(?(i. If the' r<?fl('(“ting 
surface is highly polished and smooth, the reflection taking j:)la,ee is r(?gular or spcx'ular 
and is sharply dediru'd. In this case the angle of incidence of the liglit to ( h(‘ perpem- 
dicular of the surface always equals the angle of reflection. If t,lu? reillf'cling surface 
is rough or coarse in comparison to the wavelength of light, tlu! angle's of iiuude'tu'e and 
reflection for the beam as a whole may not he equal or may lx? only approximate'ly 
equal. This type of refl(?ction is called “diffuse reflection," and tlu? hearns are* nol. 
sharply defined as in specidar reflec.tion. Diagrams illustrating specular and eliffuse' 
reflection are shown in Fig. 2. , 

1 A transverse wave is one in which the displacement occurs i)erperidicaihir to the dirociion of 
propagation. 
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Light impinging Upon a medium is dispersed in three ways as shown in Fig. 3. 
Part of the light may be reflected, as already explained, or, if the medium is trans¬ 
parent, much of the light may be transmitted through it. The rest is absorbed in 
passing through the medium and is dissipated, ultimately making its appearance in 
the form of heat. 

Jnc/oJeiT^ beam Re-F/Gci'epf beam 



Specular or Regular Re-flec+ion 



Di'f'fuse Reflec+ion 

Flu. iJ.— I illustraiiiiK spiaailar refleotiou from polished surfaoo and dilTuso rthlocjtiou 

from Hurfa<io whic^h is irrogular coiutiarod with dirnoiiHions of liuht. waves. 


Jncidenf beam Reffected rays 



Transmitted rays 

Ill passiuK through a ( raiispaia'ut nu'diiim, .somi' of I ho li^ht rays ar<'rofioottMl, 
sonu^ an* ahsorhod, and the* rc'st ata* transmifttMl tlirouirh llu' mcMlium. d’lio rays a.ro htoil 
in paHsiiin from two modiuniH haviiiK dilToront. indiiais of rofraotion. 

ddio vi^locity of light in nny ninti'rial nu'diurn i.s h'ss (lian I h<‘ va'hxuty in ireo H|)a<*.(n 
d'horoforo, if light, which is (raveling through a va.ouutn is made t.o psisH through a 
t,ra,nH})aronl. nu'dium, il.s velocity will la^ diMTcasc'd. II (he ineidcnci* is pm’ixuulicula.r 
or normal to the surface of tlu* inc'dium, llu' only clfc'cl. will lie ti slowing <lown ol the 
velocity of liglit while pa,sHing t hrough t he di'iisin' medium. Ilowtwer, il light Lmpingt's 
on the denser mtulium tit some: other angle, the reltitive chiinge in velocity ol projiaga- 
tion through the dt'user nuMlium will nisult in a Ix'tiding of the Viottm. At the surlaeo 
of the t wo m(‘(liiims t he dirt'clion of (lu^ benin will change*, tuul the light, is di((ra,ct.<'d. 
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In passing out of the denser transparent medium into free space again, the velocity 
of propagation will be increased. Consequently, the light v'^ave will again be refracted 
but in a direction opposite to that of the first refraction. 

Qrdinarily natural light vibrates in all possible directions perpendicular to its 
direction of propagation. However, it is possible to restrict to a single plane the 
transverse displacement of the wave, and light vibrating in this manner is plane 
polarized. 

Like sound or water waves, light waves curl around obstacles in their path, but 
because of the tremendous size of any physical object which we can observe compared 
to the wavelength of light, this effect is so very slight as to be practically nonexistent. 
Therefore we customarily regard light as being rectilinearly propagated, i.e., as travel¬ 
ing in straight lines. 
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levels, showing the Purkinje sliift. 


According to the quantum theory, electroinagindic radiation (of which lighl is an 
example and forms a small portion of the total range of possibles and available (‘had ro- 
magnctic, radiation) is always emitted and absorbed in disend.e (piaritities. 'Fhe unit, 
of radiation is the (piantum or photon. When one of tlu'se (pianta is a.hsorlnal, th(' 
tmergy of the quanta manifests itst4f as radiant (mergy or wav('S which may ha v<‘ t heir 
wavelength in the visit)le region so as to producci light. The subj(a‘t of ((ua.nl\im 
theory is beyond the scope of this hook arid is not essrmtial for an element ary under¬ 
standing of photographic, priiunples. 

The eye is not uniformly sensitive to all wavelengths (colors) within the visible 
spectrum, which extends from ahrait 400 to 700 m;u. For a. given amount of ('iiergy 
(light intensity) at. tlm red raid of tlu^ spectrum, the eye is relatively insensitive. 'I'lie 
sensitivity of the eye increases as the wavelength is shifted from the red, through the 
red-orange, orange, orange-yedlow, yellow, and for moderate light intmisities finally 
reaches a maximum for the average human eye in the yellow-grorui region. Beyond 
this point of maximum sensitivity, the sensitivity of the eyt' de(!rea.ses as we progress 
through the green, blue-green, blue, blue-violet, and trails off in the violet region. It. 
is safe to say that probably no two human eyes are exactly alike in their sensitivity or 
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response to colors, but for the average normal human eye, the relative sensitivity as 
a function of wavelength (color) is given by the curve of Fig. 4. The maximum 
sensitivity of the eye is seen to occur at 654 m/x at normal levels of illumination. 

When the luminosity of an observed object is considerably reduced beyond that 
ordinarily used, there is a gradual shift in the visibility curve toward the shorter 
wavelengths, and the shape of the visibility cxirve undergoes minor modifications. 
For extremely low levels of illumination, the maximum sensitivity of the eye occurs at 
507 niM in the green portion of the spectrum, instead of at 554 m^ in the yellow-green 
part of the spectrum. Practical application is made of this Purkinje shift of the 
visibility curve with variation in illumination, in selecting sate lights which ate 
employed when d(>aling with sensitive panchromatic materials. Since the eye is most 
sensitivci to green light at low illumination hwels, xhe safe light is made green so that 



Fi(j. .5. itc'lnt iv(> .sc'iiH'ition of the normal luimun eye plotted aKaiust the loKarithm of 
the KtinuduH fludd 1 )rif 2 :htneHK). IF the Wel)er-Fe<din(n- law w(a-e obeyed, this eurve would 
ho a slopiiiK Ht rainht line instc'ud of Ixmuk s-shapod. 

less light call Ix^ ('mj)l()y('(l and tlH‘r<'l)y h^ssi'ii th<' ehiiiice of fogging jthof.ographici 
nuiierial. 

Two otluM- (■ha.ru.c1.('riHl.i(*.s of lh<' eyc^ an-! im))ortant in photogra,phy, especially 
in In<)tion-|)i('tur(‘ photography. l'h('H<' art* the H(Misitivit.v ol th<M*y(i to llickei a.nd tlu^ 
persist<n(‘(> of x'ision. 

ddu' eye does nol^ respond instantly to a sensation stimulus; when th(^ stimulus is 
nn»ov('(l, th(' ev(‘ (lo('s not respond immediahdy. The (^y(^ wall re<iuire about 0.01 see, 
to p<Me(Mve (.h<‘ stimulus and will retain tlu^ semsadion of liglit for about 0.05 s(Kn alter 
its (‘.(^ssat ion. 'Flu' values giv('u depend upon the: g<'nera.l hwel of illumination and the 
tlic;k('r rai(^ but un^ a,pi)roxima.tely c.orna'.t for avera,g(5 conditions euc.ountenKl in 
|)ractieal tnotion-i)i(d ure idiotography. 

If llie,k(u- at (joust ant frcxpaMiey ocenrs in a light source or in tluj level of illumina- 
tioTi, it may lx; <iuit(‘ a,iux)ying. TlxJ flicker fnxpieiujy whieli is least ohjoiJtiouable 
vari(>s with tlxj gcuteral 1<>V(“1 of illumination and the h^ast pcre.eptihhj diflcjreiujc in 
l)rightn('ss IxdwtHJii tlx' bright juul dark iinngtJS. Mow<Jver, flicker is nsiudly rriost 
object ionable betwoeti about 3 and 10 cycles per se<J. If th(' fli(jk(jr is such as to cUo 
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off the light entirely (as in the case of motion-picture projection), the highest frequency 
at which flicker is just apparent is called the “critical frequency.” For a field bright¬ 
ness of 1 candle per sq. m., the critical frequency is 30 cycles; it is about 38 cycles at 
10 candles per sq. m., 22 cycles at 0.1 candles per sq. m., 15 cycles at 0.01 candles per 
sq. m. and about 12 cycles at 0.001 candles per sq. m. These figures illustrate the 
importance of taking into consideration the general brightness of the image on the 
screen in determining optimum shutter speed. 

The eye has a wide adaption to light stimulus and is sensitive over a wide range. 
When the relative sensation of the eye is plotted against the logarithm of the stin)iilus 
(logarithm of field brightness in candles per square meter) as independent ordinate, an 
s-shaped curve results, covering the tremendously large range of from 0.001 to 10“ 
candles per sq. m. as shown in Fig. 5. The fact that relatively little change in sensa¬ 
tion results from a large change in stimulus (when static conditions arc assumed) 
indicates how unsxiited the eye is as a substitute for objective types of instruments in 
determining light values. 

Production of Light.—Visible light may be produced on a prachicad scahi in two 
ways: (1) by increasing the temperature of the source until it is incandciscent, i.e., 
until some of the energy radiated falls within the visible region of wavelengths; and (2) 
by conduction of electricity through gases. The first of these met hods is re'presented 
by the familiar tungsten filament lamp. Mercury-vapor lamps, neon signs, a,nd 
sodium-vapor lamps are among the more common examples of the produc-tion of light 
by means of gaseous conduction. 

In incandescent sources, light is produced l)y passing eiirr(n)t through a fine! wir<>i 
contained in a glass enclosure which is cither evaeuatial as eompleb'ly as possible of 
the residual gas(^s or is thoroughly evacuated after which a.n incut gas at low prc^ssure is 
introduced into the enclosure;. The purpose of the inactive* gas is to increase; the life; 
of the lamp and to prevemt the; l)lae;k(;niug of the (;nele)sing l>ulb. 

Other incandescent source's include; the flam<;s of caiielle;s, kerosene; lamps, We;lH- 
hach mantles, gas beirners, etc. In a popular sense a fla tue is a, gas l)urning in air. 
The production of the flame; is, howe;ver, not e;onfiiu;d to a, gas l)urning in air but is a 
phenomenon observed when any two gas(;s uneU;rgo combustion a.e;e;ompani(Ml ^'y the; 
evolution of light and h(;at, as whe;n byelre>ge;n burns in clilorine; to liroduce hydrogt;n 
chloride. The luminosity of flame;s ele‘p<;nels, in a. e;omple*x rnanne'r, on a, iiumbeu* of 
factors. In genorid, hovv(;ve;r, it may be; said that: (1) the; luminosity of a Maine is 
dependent upon, or is influeuu'eel by, t he; glowing of solid matt.<;r, such as (;arl)e>n, h(Uit.c;d 
to incandescence;; (2) the luminosity is incre;a.se;el l)y incre'asing llie; pre;ssurt; of the; 
burning gas; and (3) t he* luminosity is incre;a,s(;el by raising the; te;mp(;rature of t he; 
burning gas. 

In producing visilile; light through the; use; of gasc'ous e;ouelue;t.i()n, the; most. e;omnu)n 
method is to fill, with a gas or vapor, a glass t ube; having me;tallie; (;le;e;troel<'s at its e'uels 
and applying a voltage; h<;tvv(u;n tlu'se; e‘le;ctre)el(;s. The; voltage; must he; su(lie;ie;ntly 
high to break down the; gas mc)le;e;ule;s and produce; ionization toge;tiR‘r with radiation 
in the visible spectrum. Raeliat ions outside; of the; visible; region are* also usua lly 
produced as we;ll hut.are; of no importance; for j)\irpose;s of illumination. 

Light Spectra.—IF t.lie; whit.e* light, from the sun is a,na.lyz<'d, as l)y passing it through 
a prism or reflecting it from a fm(;ly ruk;d grating, it will he; found to he c.ompose;*! of a 
continuous band of all the* visible colors: re;el, eirange, yellow, green, blue, and vieih't. 
Light from an ine;a,nel<;se;e;nt lamp will also fe)rm a e;e)ntimious banel of e;e)le)rs when 
analyzed, but since this forn; of light is yellow rathe;r than white, the; e;e)l<)rs from an 
incandescent lamp (operated at temperature which will result in a usefed life e)f tin* 
lamp of aV)Out 1000 hr.) will be weaker in the; green, blue, anel violet regie)ns than is 
the case with the white light from the; sun. If we pass the light fre.)in a mer(;ury-vapor 
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or neon lamp through a prism, it will be found that the light produced is analyzed into 
its component parts but that the color distribution obtained is not at all continuous; 
in fact, only a few colored lines will be observed. 

The spreading out of a complex light into a range of spectral colors is known as 
analyzing the light, and the range of colors is known as the spectrum. When the range 
of colors is (“oTitinuous, as in the case of analyzed sunlight, the spectrum is continuous. 
When only certain lines appear, as when gaseous-conduction light sources are analyzed, 
the spectrum is discontinuous. The spectrum shows what colors (or light wave¬ 
lengths) are prea(;nt in the original light source. If the intensity of the energy at the 
various waveUuigths is nuaisurcd, a spectroradiometric curve can be plotted which 
shows in graphical form i h(^ relative or absolute intensity of the energy of which the 
beam is conii)os( d, as a function of wavelength. Sucdi spc^ctroradiometric curves are 



V'ui. (). Holative <Mierf>;y at. various wuvoIouKtlis for incaiHloscHml, bodies at various 
t.oiuperal art's. M'he spt'ci ral-enorKy curve for daylight is shown by the dashed lino, and 
is closely appro-Kimatcd, over luosl. of the visual rtsgioti, by a body having a color tornpora- 
ture of 5500" K. 

of consitlcrabh' iin porl.a act', scicnl ificnlly, in f.lx' invcstiga (ion of the (‘.luira,<deristi<\s of 
light sourct's. 

In a cold inuous six'cl rum all wavt'h'iigths within a. giv('n HiK'ct.rum ba.n(l are presold; 
(,o some ('xteiit , and t he relation b('t vvc(ui t h<( wnv('h'ngt.h and t he (uiergy ot the: light 
sourc(! at t hat, vva vt'h'iigt li may 1)(‘ indituit.cd by nu'ans of a. continuouH curv(^ Kigurt^ 
i) shows l h(' s|)ect roradionict tie ciirvu' for (hiylight. at lint t'nrth's surface as well as for 
t ungst('n lamps ojx'fa tt'd tit- va rious I t'mix'nit un's. 

In a (liscontiiuiouH spectrum, energy mti.y not be prt'sc'nt for all wjivehutgths 
within lh(' limits of t he spectrum hand, hick of c('rt.ain wavi'lcttgih liiu's being imulc 
ajypa.rt*Id. hy !i ila.rk fit'ld. ti spiud.rum is known as a line spiH't.iiim, as t.oin— 

lairtul with th(' cotdinuous siicclrum of tin' sun or incatidcsccnt, himps, for instance. 
In the curv(' of a. line spectrum the prt'st'mu' of ('tu'rg.v of a. givt'ii wa,V('l(mgth is indi- 
cat.t'd hy Ji vert ical line vvhost' length n'pr(\s('ids t in' n'lat iv(' or ahst>lut<i intensity of thci 
('iH'fgv at. t his givi'ii wjivu'h'ugt h. Figure 7 siiows ti liiu' spectrum for ji hot-ctithodc 
neon lamp. 

Soiuetiim^K \vc may luive a, intnihiiuition of tin* eontinuous as wetll as the line 
spectra, tis wlu'ii light, from !i nn'rcurv-vtipor hunj) aud an iricandesconl. lami) are 
nnalyzt'd siumltain'ously. Such a spt'ctral curve uniti's tin' jiropertics of both the 
cordimious tind tlu' (liscontinuous spectra. 
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The radiometric curves for various types of light sources are of importance in the 
scientific and technical aspecds of photography since the density of the image on the 
negative depends not only upon the characteristics of the film or plate, together with 
a filter, if this is used, but also to a very marked extent upon the characteristics of the 
light source employed in making the exposxire. This subject will be treated at greater 
length in following sections in this chapter. 

Photographic Effects of Light.—The fiindainental action of light impinging upon 
a photographically sensitized material is to produce, after the necesaai’y processing, a 
deposit of finely divided metallic silver which appears black by either transmitted or 
reflected light. The blackness or opaqueness of this silver deposit is termed the 
density of the photographic material. The density of the silver deposit depends, in a 



Fkj. 7.- Tjino spectrum showinj? the relative intoiisily of ( he various lines in the specl.rurn 
for a neon lamp. Pructieally till of t.he eiiergj' is in the red and orangie part of the visible' 
hand. 

ratlu'r complicalt'd maimer, on siweral factors, among the most imporlant of wliicli 
may he inentioiu'd: 

1. d’he inti'iisity of the"! light soure.e to whic.li 1 lu'. photographic inatc'iial is (^x])()se<l. 

2. 'Fhe s|)c:ctral-energy distribution of tlic; light sourci'. 

3. ddie si'iisitivity or spec'd of the photographic matmial (^xpo.-u'd to \vhit(' light. 

4. ''Flu' spi'ctral sc'nsitivity of th(^ photographic niadin'ial. 

5. "I’lu' manner in \vhi<‘h the exjiosnri! is made, i.c., whether tlui (exposure is miuh' 
continuously or intermittently. 

(). ''Fhe tota-l ihiration of the time of exposnny 

7. ddie processing conditions which the photographic, material undmgoes subsi'- 
(}uent to exposure'. 

Tht! elTeeds of most of tluise factors upon the density of the jihotogratihiir mat(*rial 
have been dismissed in the chapter on Photographic Sensitometry. In this chapl.t'r 
it is proposed to discuss, briefly, the first four faidors listed aViove, since they are iiiti- 
matedy associated with light sources, and a knowledge of their effects will facilitate a 
further discussion of the characteristics of light sources suitable for photography. 
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Density Dependent upon Light Intensity .—Suppose we have an optical bench upon 
which is mounted, at one end, a photographic plate behind a shutter which is arranged 
to let light through to the plate for a given amount of time, e.g., t sec., but shuts off all 
light from reaching the film except when it is open. Let a convenient light source, 
such as an incandescent lamp, be arranged before the shutter in such a way that the 
distance between the film and the light source may be varied at will. It is assumed 
that the light source is maintained constant in intensity and spectral-energy distribu¬ 
tion. ^ This may be acaiomplished by operating the lamp at sufficiently low tem¬ 
peratures (not more than 2400°K.) and by maintaining the temperature of the lamp 
(a)n8tant. The most (tonvenient way of maintaining constancy of the luminous 
output is to maintain the voltage across its terminals constant. 

Under the conditions assumed, exposure of the photographic plate will only take 
pla(i(i during the time the shutter is open, and during this time the illumination on the 
plate will depend upon the intrinsic brightness of the lamp with its associated filter as 
well as the distance between the lamp and the photographic plate. If the lamp is 
rat<Hl at k (handle power and the distance between the lamp and photographic plate is 
/>, tluui the light iixtensity on the photographic 
plat(‘ will he 

CD 


/ 


1)2 


If t is the time during which tlu' shutter is open, 
the exposure of tlu^ i)lnt <' may tlum lie (U^fined as 

kt 

Tr^ 


E »It 
Log,oE * Logiol + Logiot 
For t = constotnt 
' A+Log,ol 


E = It 


( 2 ) 



^ Log,ol 

Fkj. 8.—Characteristic of typical 
negative materials, showing the man- 
nor in which the density depends upon 
the intensity of illumination for con¬ 
stant exposure time (constant shutter 
Biieeds), 


By keeping; k aiul i constant, the (exposure giv(m 
to th(’^ photographic^ platen may now be made to 
(lepmul only upon th(‘ intcaisity of light falling 
ui)on tli(^ {photographic^ phito /. 

If w(^ givc‘ (litTcu’cml. Hcudions of the |)hoto~ 
gra{)hi<* dirfc'rcnit <'xposur(‘s liy varying the; 

<lista.iie<‘ /) for ouch suca'c^ssiv(' ('X|)OHure and 
ihci\ (h'tcu’minc^ tbe^ (haisity of tlu^ silvc'ir (lei)osit 
aftcu* t h(^ libo is pi’o{)(M*ly [jrocaLsscMl, we may (Udcu’iniiu^ th(> manner in which 
(l('iisi(y <1 ('P<ui(Ih iijpon the intimsity ol tlu' light sout*(*o to which it was 
<‘X{>os<m1. If such a of <'xposur(\s is nuul(^ the (huisit-ic^s arc^ ineasiired and plotted 

against, int^uisity /, tlu" ri^sults will give the; t.y{)i(*al (diiirac'tcu'istic*. (uuve shown in 
Kig. <S, From iJiis <*urv<^ it will Ix' seen that : (1) for c^xtr(un(dy low values of ilhimina- 
tioo, only a small ,silv(*r <l(^[)osit o<‘eurs (rorriLSjionding to tlu^ log chmsity ol th(i luateiial, 
(2) for itH‘r(‘aHing valuers of illumination, a.d(litiotnil (l(^|)()sits ol silviu- 0 (*c‘ur; (3) tor a 
<*onsi<l(M*abl<^ rarig<\ t h(‘ (hmsily is {iroport iona.l to tlu' loga.ritlun ot the illumination; (4) 
this proporlionality fails but naudass a maxiinuni d(‘nsity aft(U' which (5) the density 
(UxiriuisfLs for (^xtnuiH'ly larg<‘ valu<\s of light intemsity. Iti practical, this last region, 
<*orr(Lspon<ling to (^xtnmndy large' vahn\s of <^x{)osiir(^ is ol no pra(*ti(ail us(^; the niost^ 
irn|)ortnnl part of this chiu'iieierlsllr is th(‘ linear i-egiorr for which the density is pro¬ 
portional to t,h(' loga rithm of ( lu' light intonsity, so long as th(^ shutter speed is mam- 
laiiicd iuvnriiibli'. 

ICjJcct of Scnsiiivily of ^holographic Matcrial. -Vhc s(Uisitivity of u photographic 
pla<«> may 'bi', and is, (‘xpn-ssed in a rathm- wide* variety of ways.^ Bccausi^ of the 

* Kor Hiuii>li<-ily UTul oi.HiHtciicy will. H.-MHitoKK-tric I>riic.tice, lot it be assumed that the spectral 
radiutiuu of the hunp is n.o.lifi.-<l by means of filters so that it closely approximates that of mean 
noon iHunlipcht. 

^ p. UK), ('har)t<'r on PhotoKi'aphit; SiMimtoiiiutry. 
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dissimilarity of the methods employed to express the sensitivity characteristics of 
photographic materials as well as the dissimilar numerical units employed, it is 
diffic\ilt to make any quantitive statements concerning the relation between the 
density of the silver deposit arid the sensitivity or speed of the photographic material. 
In several common methods of expressing film characteristics the sensitivity or speed 
is a measure of the mininnim exposure which woxdd just produce a deposit of silver 
if the D-logia E characteristic (as shown in Fig. 8) were a straight line. All the methods 
of determining the speed or sensitivity of photographic plates are alike in that the 
higher numerics of any given system of speed notation represent the more sensitive 
or the faster emulsions. Consequently, it may be said that, for a given light source, 
the density of the deposit will tend to increase as the speed number in any given 
system of the photographic materials is increased. But it is not possible to determine, 
from speed ratings alone, what the ratio of the densities will be for two films exposed 
in a given manner but whose speeds are given in different methods of rating. Thus 
it may be assumed that, for a given light source exposed to a plate for a given time, a 
denser deposit of silver will be obtained for a photographic material having a spewed of 
500 H and D than for one having a speed of 100 H and D. Conversely, a dtmser 
deposit for identical exposure and processing conditions will be obtained for material 
having a rating of 26° Scheiner than for one having a rating of 18° Stiheiner. We 
cannot, however, make any statements as to the density due to a given exposure 
btffween films of 500 H and D and 26° Scheiner or of 100 H and D and 18° S(dieiner 
without making measunnnents on the processed films. 

Effect of f^pectral Characteristics of Film and Light Source .—In (a)lor photography 
and in itmnochrome pliotography where colonul objects must V)e photogniplu'd so t hat 
tlie final print shows the itjiage in black, whitx^ and shades of gray whi(di are propor¬ 
tional to tlui luminosities of tlu^ various portions of the original subje(!t, tlu^ sp(‘ctral 
characteristics of the light sourca; and of the photographic material are of considerable 
irnportancen 

Th(^ si)(H‘.tra,l-s(msitivity characteristics of the photographic-, material must, be 
studicul together with the spec.tral-cuiergy distribution of the light sourccu for both 
(diara,cteristics enter into tlui correct tone remdition of thc^ colored image. It is 
])osHibl(‘ to study thc^ spcicdral c.harnctc'ristic-.s cjf eithc;r the film or the light sourc.c! alone-, 
if wc; maintain ca)nstant thci ebaraed,eristic of the other factor. But in any evc-iit it. is 
(issetitial that the spcavtral clmracd cu-istics of both of tlu^se two factors be- known. 

Led. thex spec“.tral dist.riluition of cmergy intcuisity in a. light source bci rtq)r(>;stmted 
by the symbol ./x, and let th(i sp(Hd.ral stmsitivity of tlu^ photographic material lx- desig¬ 
nated by the symbol S\, wtierce l)oth J\ and S\ a.re (H)ntinuous functions Ixd.weciH their 
upper a,ml low(U' waveh-ngth limits, whi(di tluoretically are zero and infinity. Tlx-n 
the photographic^ intcuisity of t.lu^ light sounm, whose c.haracd.eriHticrs are specified 
h.y dx, when uscal with a. photographic material whose si)ccd.ral characteristic’s arc 
specified by /S’x, is given by 

/p = J^”./x*8xdX (3) 

The equation for the photograiihic intensity may be represented by the area unch-r a. 
c’.urvc’: whose boundary is dcdcu-mined by the boundaries of the cuirvc-s rc’presc-nting t hc^ 
spec’.tral c’diaraciteristic^s of tho film and the light sourcan 

For those who may not be mathematically minded, the following illustrat.ivcv 
examples may be more erdiglit.ening than the above ecpiation. Ivcd, Fig. 9 repre-sent 
the relative spec’.tral sensitivity of scweral photographic materials, as indicudcxl, and 
let Fig. 10 represent the relativci spectral-intensity distribution of three common light 
sources employc-d in photography. Since we shall be concerned only wit h the- relat ive 
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Spectral characteristics, all the light sources have been plotted with their intensity at 
560 mfi taken as unity. 

Knowing the characteristics of the light source and the film, it is now possible to 
determine the relative photographic effects of the light sources on a film of specified 
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Flo. 9. Relative spoetral sensitivity of typical photographic, materials. Curve A 
re5>re8ent.s the sensitivity of panchromatic material; curve B, orthochromatic materials; 
and curve (J, noiicolor-sonsitivo materials. 

ch!Lruct(‘riHtics wlum a dedinite exposure is given. This photographic effect is known 
as “phoi icity” and is analogous to luminosity in visual effects. The piauaidiug equa¬ 
tions in(licat<‘ that we a.r(' to nmH.ij)ly, wav(dength by wavchmgth, the sensitivity of 
thc^ film by (he six'cl ral-(Mi(‘rgy distribniion of the light source; the area uiuhvr the 
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Fio. 10.- Spec(ral-ititenshy <airv«»s for coinmoii light, sonrcc^s used in i)ho1,ography plotted 
r(dat,iv(' t,o the i'lK'i'gy at, hOO rnillinncrons, which is asHnme<l 1,0 1x5 unity or H)() p(^r (xuit. 

n<w eurvt^ is tluni proporliontd (.o t.he photographic inf.eiiHity of tlu^ light source in 
question when uH<'d with th<^ film (‘xposure tiin<\ In Fig. 11 are shown the rtisulting 
curves for three tyite^s of phot<)graphi(! rnatorials (ordinary, orthochromatic, and 
panchromatic) when used with sunlight as a source of light. Since, for a given time 










272 


HANDBOOK OF PHOTOGRAPHY 


of exposure to sunlight, the density of the negative is proportional to the area under 
these curves, it is apparent that the panchromatic material is, in effect, considerably 
more sensitive than the other two photographic materials. The peaks of sensitivity 
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Fia. 11.—Relative sensitivity of panehromatio (A), orthochromatic (R) and uoneolor- 
sensitive (C) photographic materials when used with sunlight illumination. These curves 
are obtained by multiplying, wavelength by wavelength, the appropriate (uirves of Fig. 9 
with the sunlight curve of Fig. 10. 
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Flu. 12. Relative-sensitivity curves for orthoidiromatic materials when used with 
various light sources. These cairves are obtained by multiplying, wavelength by wave¬ 
length, the orthochromatic curve of Fig. 9 with the appropriate curves of the light sources 
of F'ig. 10. 

as shown in Fig. 9 do not vary by more than 20 per cent, but the relative photicity 
as shown in Fig. 11 is about 1.00 for the orthonon material, as against 1.75 for the 
orthochromatic and 4.92 tor the panchromatic materials. increased photicity 

results from the fact that the orthochromatic and paiKdiromatic films are sensitive to 
a wider range of wavelengths than the orthonon or noucolor-sensitive films; to only a 
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small extent is the increased photicity due to increased sensitivity of the peaks of their 
spectral curves. 

Figure 12^hows curves plotted for the orthochroinatic material whose character¬ 
istics are given in Pig. 9, but when used with three different light sources. The curve 
of smallest area is that obtained when a tungsten lamp at a temperature of 2360°K. is 
used to expose the film. The intermediate curve is that obtained with a photofiood 
tungsten-filament lamp, whereas the curve with the highest peak is that for sunlight. 
These curves show that, for a photographic material whose spectral sensitivity is that 
given by aSx of Fig. 9, the sun produces the greatest photicity; while photo flood lamps 
are next. Tungsten-filament lamps at 2360°K. (a temperature commonly used in 
photographic sensitometric work) produces the least photographic effect for the photo¬ 
graphic material selected. The resultant photicity curves would be different for 
photographic materials having other spectral-sensitivity curves. From an examina¬ 
tion of the film and light-source curves, it would appear that the photographic effect of 
the sun and of the photoflood lamps would be about equal for the panchromatic mate¬ 
rials, although a curve would have to be plotted to test the accuiracy of this statement. 
It should be pointed out that Figs. 9 and 10 are plotted in terms of relative spectral 
sensitivity, and relative spectral-energy distribution, respectively. Consequently 
the photiciity curves are relative and are to be used only for comparisons between two 
or more materials plotted in the sanie figure. The curves could, of course, be plotted 
in some definitely established units, but this is not necessary for illustrative purposes. 

Classification of Light Sources. —laght sources for photographic purposes may bo 
divided into two convenient classifications: (1) natural light sources whose inherent 
characteristics of intensity, time of occurrence, time of duration, and spectral char¬ 
acteristics are cntirt^ly out of the control of human Ixiings; and (2) artificial light 
sour<;(^s whose characteristic's arc very largely under human control and are, conse¬ 
quently, mvudi more convcuiient and fh^xihh' than natural light sources. 

Natural Light Sources. —Natural light sources may be divided into the following 
groups: 

1. Astronomical: 

a. The .sun 

h. 'TIh^ moon 

c. 'I''h<‘ stars and |)la,nets 

2. Meteorologicnl: 

а. Daylight, n'sulting from sun shining on the (‘nrth’s atinospluu'c^ 

б. Lightning 
c. Aurora 

3. Ijiimimwccmt mntc'rinls 

Of tluise natural light source's, only sunlighl. and daylight (whicdi rc^sults from the 
sun) ar(! of suflicic'ut importaiuu’! to l>e gcmerally used for ordinary j)liotographic. pur¬ 
pose's. h^)!' H|)e'<-ial purpose's, espe'e'ially se'iemtilie^ work, soene' of t he othe^r st)urce's may 
l)ei vised, hut tlu'ir use is rc'lative'ly infre‘e(ue'tit. 

The -'Phe^ spce'trum of the' sun is e'emtiuuous. Light from t he^ sun is clevsely 

apprevaeiheul Ivy that of vin iiie*a iieh'se'e'iit seairee' evpeu’uling at abeuit 5t>(K)"lv. '^The' spee^- 
truin of the; sun as reeu'ive'el at the' e-arth’s surfae'o, is inevelitie'd by t he* se*a.t Iea’ing and 
absorption evf the' e'urth's atinosphe're. Ahsorpliem uiiel se-atte-ring proelue-e'd by 
particles in t he atmosphere' are' tlu; prine'iple; clause's for this modificat ion. Scntte;riiig 
and absorptiem ine-re'ase vis the' sun appioaelu's the' he>riy.e)n, since' fe>i' this euviiditieuv, 
the rays reaching the; earth t ravel Ihremgh a. mue;h levnger atmevsplit'ric path (Ivan wIkmi 
the sun is at iht' ye'iiith. The; intemsity evF the' sim's rays reave-.hing the; e;arth de;pcnds 
not only upon the; time; of elay but also u[)e)n the; time; evf ye;ar a.iiel the; latituele evf the 
observer. Cflianges in the; speM'.l ral elisl.ribut ievn of t he; light, of I he; sun are e;asily evbserv- 
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able throughout the day, the apparent reddening of the spectrum near sunrise or sun¬ 
set being caused by the absorption of the shorter wavelengths as the rays pass through 
longer paths of the earth’s atmosphere. Because of the wide ranges which take place 
in the intensity and spectral distribution of the sun’s rays as they reach the earth, it is 
evident that it is impossible to speak of “sunlight” (for any given particular condi¬ 
tion) as representing a suitable standard of luminous intensity. 

Although the radiant energy from the sun, at any given time, cannot, be uscid as a 
standard, it does provide, however, one of the most convenient and practical of luinin- 



d FMAMUOASOND 
Month 

Idci. 13.—Solar illuminatiou for eatti nioiit.h of the year, and for various ixadods of t he da.y, 
as determined from measurements made at Washington, J). t h 

ous liglit sources. Nuuku’ous nunisunMuents oti tlic sjxictral dist ribiiiion a.nd itd<'nsil y 
of the sun’s rays whiidi rc'ach the earth have been nuid<^, and the nnnin or a\ ('rag<^ 
value of tliese measurements are w(dl known, tU) not vary, a.nd <‘()nH(HiU(uitly may 
used to sj^ecify ^‘mean noon sunlight.” Xhn.s, irnatn noon sunlight as nuaiKUia'd at. 
Washington, D. C., is often used as a standard and as a eoinpjirison for oilnu' light, 
sources. 

Mean noon sunlight illumination for various timers of tht‘ year and day jit ( ho 
surface of the earth at Washington, D. O., is given in ’Fable 1. ’Fhis t.abh- r(*pr(‘S(*nt.H 
measurements made with the sun shining unobsenuHl on a (doudle.ss day. 'Tla* solar 
illumination is .shown graphi(^ally in Fig. 13. The curves arc plot ted in t.erms of Iujui-h 
from noon, insttaid of in terms of haatl standard time. ’Fhu.s (.h<! curve: niark<‘d ‘A 
applies for conditions at JO a.m. or 2 p.m. standard time wliile the 0 curve niinesenln 
noon data. 

The manner in which the relative luminous energy from the sun varies throughout, 
the day is shown in Fig. 14. These curves are plotted on a relative basis, with noon 
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sunlight for each month taken as 100 per cent, but, as 100 per cent for the various curves 
represents different values of absolute radiant energy, Fig. 14 should not be used in 
such a manner that data from one curve is transferred to or compared with data of 
another curve. These sets of curves show, for example, that at 9 a.m. (or 3 p.m.) the 
light from the sun in October (or February) is about 82 per cent of its value at noon 
for the same months, and therefore gives some indication of the increase in exposure 
which should be allowed if photographs are made several hoxirs before or after noon. 
It is not correct to interpret these charts to indicate, for example, that the light from 
the svin at 4 p.m. (or 8 a.m.) in June will be equal to that at 9 a.m. in October because 



I'lc. 14.— I )iuw;ru.m illii.Mlriit inn tl!«i inunner in wlu(4i t.lu' Holar illunuiiitiiou 

viiricH tlirouKhoiil t h(^ <l;>y. (uirvoH ur(> i>l(>i(.od wit li noon illu tuiiuil ion for (nuJi piir- 

ticiilar mout h as 100 jx^r (-(Mit. 

hotili lnn.{)])(>n to liav('. valiu'S which an* 82 pm’ cctil, of tluhr inaximutn value: at. noon, 
for t.lu‘ noon sunlight in .luiu' is gr<‘a.t<M' than that in (Ictolx'r. It sliould l>e n()t(Ml tliat 
t h('S(‘ (uirvcs a.r(' plot.teal for Wnshingt.on, I). (h Tlu^ us(' of t his t.a.ble at. la.t.itu(U\s much 
(li(T<u’(‘nt. tluui that of Washington wouhl re(iuir(i corrc'ction. 

J’h<^ sp(‘ct.ra,l-cn(‘rgN’ (list.rihut ion of t.lu' sun is a n import.a,nt. (•onsi<l(n'nf ion wlum 
phot.ographi<( work is done by daylight . Marly in t h(‘ moi’ning and lat.t' in th(^ att.(!r- 
noon, t.h(( radiation of tin' sun (Contains ri'lativcly much more ix'd and ora.ng(^ than it. 
(lo<^s a t. noon. I^'or pa ludiroma t ic materials lit t le or no incnnisc in (exposure may h<( 
r<uiuir<Hl in c,()ns(*(pi(“ncc of this fact. IIo\\'ev<‘«', lor ort hochromat i<( materials, it may 
h<( mxmssary to imnaaisi* th<‘ exi)osure hit(( in tin' art('rnoon or <airly in the morning 
H(w<'ral t inu\s t hat n'cjnin'd for panelirotnat i(( matc'rials, simply IxM'.ause t.h(U'<^ is r(4a.- 
tively U'HS hluc; radiation in th(( suidight. (to which the ort.hoclu'omatic ma.t.cviul is 
scusitive) and n'lat.ivc'ly much more red (to whicdi tin; orthoclironiatic. mahu'ials are 
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insensitive). For orthonon or iioncolor-sensitive materials which have a peak of 
sensitivity at the blue end of the spectrum, it may be impossible to make photographs 
early in. the morning or late in the afternoon except by means of excessively long 
exposure. 

Moonlight .—Since the light from the moon comes to the earth as light reflected 
from the sun, it follows that the intensity of moonlight is very much weaker than that 
of sunlight. Moonlight varies cyclically every 28 days, as well as thro\ighout the 
night and during the year. As a source of luminous intensity for photographic pur- 

Tablk I.— SouAR Illuminatiok at Normal, Incidence. Latitude 42°N. Fast of 

Mississippi River. Cloudless Sky’^ 
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1 From H. H. Kimball, Trans. Ilium. Mtn,. Boc. (A^. V.). 18, 4.57 (li)2:i). 


poses, the moon is not vm-y effi'ctivi^ Approximately 1.50,000 tim<\s as long an <‘xpo- 
sure must be given for jiliotographs tak(m in full moonlight on a <rlear night ns would 
be rcfiiiired for the sann^ scame by full, direct sunlight. Fins approximates rule varies 
with (ronditions, of course, hut a. simple practical rule to follow is to exposi^ 2,'i min. by 
full moonlight for ('very ‘ iOo see;, ('xposure which would lx; rcapiirial lor tlu* sauu' sca'iu' 
in full sunlight. If the' moon is in oiu' of its ineuaisiiig or d('ert'a,sing phase's inst(;ad 
of being full, the exposure must be st ill furt h(;r increased. Of course, if the moon its(;ll 
is to be photographed, shorter cixposures should Ix' given. 

■ Light fro'in. Start! and Plan<-ls;.~ -The stars and i>laiiets provide so lil t lelight as to Ix' 
suitable only for astronomical photographs, and even hme the exposure is usually of tlu' 
order of minutes, rather than small fractions of a s('(;ond. 'hhe actual exposure tiint; 
re(piir(;d for astronomical photography depends to a large extent upon the telcseopij 
used. For further data, reference should l>e made to the chapter on Astronomic. 
Photography. 
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Meterological Light Sources .—Of the meterological sources of light, skylight or 
daylight is by far the most important for photographic purposes. Approximately 
one-fifth of the total illumination on a clear day is due to light from the sky (which, 
of course, results from the scattering of sunlight in the earth’s atmosphere), rather 
than direct sunlight itself. For a cloudy, overcast sky in which the sun is not visible, 
the illumination on a vertical surface is almost independent of the direction of this 
surface and that of the sun. For a clear day, however, the illumination varies con¬ 
siderably with the angle between the sun and the vertical surface, for in this case direct 
sunlight enters into the consideration of the total or net illumination. 

Table II shows the illumination from daylight for various conditions, whereas 
Table I shows the illumination due to direct sunlight. The total illumination may be 
estimated from these tables. For a clear day the net illumination is the sum of these 
two illuminations. On cloiidy days with the sun obscured, the net illumination is that 
due to daylight and is given in Table II. For other conditions, some suitable propor¬ 
tion of the two components of the net illumination should be used. 

Artificial Light Sources. —Artificial light sources may be classified for convenience 
according to the type of spectra they prodxiee, or the purity of the emitted spectra. 
For special types of photographic work (especially in scientific photography) such 
classifications may be useful. However, for ordinary photography a somewhat 
arbitrary classification, based largely \ipon the apparatus employed to produce the 
light, appears to be generally more useful and will be employed in this section. 
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* From H. H. Kimball, Trans. Ilium. Soc. {N. K,), 18, 457 (192.0. 
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Liight sources for practical photographic work may, accordingly, be classified as 
follows: 

1. Incandescent sources (electric lamps and flames) 

2. Arcs 

3. Gaseous-discharge devices 

4. Transient light sources 

Incandescent Electric Lamps .—At the present time, incandescent electric lamps are 
probably the most important and most frequently used of all sources of artificial light. 
This is largely due to their convenience and cleanliness in operation, the production 
of a continuous spectrum of desirable energy distribution, their stability and relative 
constancy in use, the convenient methods of control of modeling and lighting which 
they permit, and, finally, the reasonable cost of installation, maintenance, and opera¬ 
tion. Compared to gaseous-discharge lamps, incandescent electric lamps are ineffi¬ 
cient producers of light, but for most purposes this relative inefficiency is overbalanced 
by the desirable spectral characteristics, the low cost, and especially the convenience 
of the incandescent lamps. 

The radiant energy emitted from an incandescent source (whether incandescent 
lamp or flame) produces a continuous spectrum. The total i-adiant flux, as well as the 
spectral-energy distribution, is dependent upon the temperature of the incandescent 
body. Consequently, the temperature of incandescent bodies has an appreciable 
photographic effect, and for precise sensitometric or photometric work, must be main¬ 
tained within narrow limits. In the case of incandescent ol(H;tri<; himps, the temper¬ 
ature may be most conveniently determined by controlling the voltage acu’oss the 
lamp terminals or the current flowing through the filament. 

Types of Incandescent Lamps .—Incandescent lamps may Ixi classificMl ata'ording 
to the type of material out of which the filament is constructed, Hindi as carbon, tan¬ 
talum, or tungsten. According to this classification, tungstini-filanuMit lamps are by 
far in greater general use than any of the others. According to their evacuation, 
incandescent lamps may be classified as vacuum lamps or gas tilled. In the vjuuuim 
lamps, the air and absorbed gases have been removed, and a high di'gri'c of vaiunim 
is required, whereas in the gas-filled lamps a small amount of inert gas is admitted 
after the lamp has been thoroughly evamiatcd. The inm-t gas, whicdi is usually 
nitrogen, is introduced to reduce evaporation from the filament. RiHlucing (‘vapora,- 
tion lengthens the life of the lamp and reduces the bla<d<ening of tin’; bulb. Small 
lamps are still of the vacuum .type, but jiractically all llO-volt lamps of fiO watts 
or high-power rating arc now gas filled.^ 

Characteristics of Incandescent Lamps .—The re-sistaiic^e cliaracti'risi ics of carbon- 
filament and metallic-filanu'nt lamps diffcir markedly. As I he voliagi' is incri'asi'd, tlie 
I'csistance of the carbon-filament lamps, whiidi was initially high, decreases; for tlie 
nietallic-filainent lamps, the initial resistance is low and iiicreasi's as the voUage is 
raised. 

The life of most incandescamt lamps is rated at 1000 hr., although for parlhailar 
purposes the life may be either incrt^asi'd or decreasiMl. Tin* lifi' of the lainj) dt^pends 
upon the diameter of the filament and the tianpcrature at which it is opiu-a tial. Sliglit 
increases in operating voltage above the normal value result in substantial imuaiases 
in the operating temperature and considerable reduction in life. On tln^ otluir hand, 
reduction of the operating voltage Imlow the: normal vahu; increases the life but reduces 
the operating temperature and the liuninous output. The spectral-energy dist ribution 
is also changed as the voltage is varied, more of the energy being in the re<l when the 
voltage is reduced and tending toward the blue as the voltage is incT-eased. 

•* A good summary of the characteristics of incandescent electric lamps is given in the Standard 
Handbook for Electrical Engineers,” McGraw. 



PHOTOGRAPHIC LIGHT SOURCES 


279 


While in general a life of 1000 hr. may usually be expected, for well-made American 
lamps intended for general illumination, i the lamps for motion-picture production 
service have a rating of from 15 to 500 hr.; lamps for projection and stereopticon 
service are rated at either 25 or 50 hr., and those for spotlight or floodlight service are 
rated at 80 hr. or, more usually, at 200 hr. of life in the 110- to 120-volt sizes. Photo¬ 
flood lamps for photographic service are operated at much higher temperatures than 
lamps intended for general illumination and have a rated life of from 2 to 15 hr. 



70 80 90 100 no 120 130 140 

Per Cent of Normal Voltage 


^ of incandoncorit lanii>H in terms of per (^out of normal 

opcM'atin^ voha^i;e. The (uirvoH are (loBi|.?na,to(l as follows: I, current cousvirnption; P, 
power (^oiiHumpt ion; P, efKeiency; and F, light output. 


TIk^ (sss(uitial <dnira<*t.(UMHties of operation of inearulesc^ent lamps are: (1) the 
(dlieiiuiey or lunnuiiS ptu’ wait, (2) lti<^ liglit ()iiti)ut in linnetus, (3) the power consump¬ 
tion in watts, and (4) tlu^ (uirnuit consumption in a.mp(wes; all of whiidi are fun<*,tions 
ol t ln^ voltage at wliicdi (,h<> lamp is ()i)era.t(^(I. The avewa-ge (diaracteristicns and proper 
voltage^ of o|)<‘ral ion may 1)(» obtained from tlu'i rnanufacdairer, but these ediaraetoristics 
will (duuig(' as tb(‘ opiu’ating voltage' is varied. Tlu’; manner in which the character¬ 
istics ol in(*ao(l(‘S(a‘nt bimps di'pc'ud upon the op(u*a,tdng voltage has f)een studicHl by 
Barrow and IVI('\'('r“ at. I h<' Nat iotial Burcuui of KStandards, and the following data are 
sunnnariz('d from t.lu'ir jiaper. 

‘ (liif'np in('aiifl(^H<^otit liuni)H of Jn,par)(^so nianufiioture which have boon on the American market are 
frcuiuently iouinl to hav(' .siiort r(‘la(dvcly low hnninoiiH output, and higlier power couHUinption than 
tlic (u|uivaleut American iiroduct. VVhiU* it may h(' diflicult to determine definitely the cautse for these 
ehara<^teriflticB, it in not unlikely that tlieH<^ renuit from inadequate exhaust procedure. 

Hauhow and Meykr, C'hara<’teriHtic Eqiiation8 of Vacuum and Gas-filled Tungsten Filament 
liamps, ReBeareh Pafior f>02, Bur, Hiandard^ */. Research, vol, 9 (1932). 
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Let B be the efficiency, F the light output, P the power consumption, and I the 
current consumption for any voltage V at which the lamps are operated. Also, let 
Bo, Fq, Pq, and /o be symbols representing the same concepts when the lamp is operated 
at the recommended voltage Fo, which is assumed to be the normal voltage. The 
characteristics of lamps operated at a voltage V, in terms of the known characteristics 
when the lamp is operated at normal, rated voltage Vo are given by the following 
equations: 
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seen from Table III. Tlubsc' optn'ating characteristi(bs are shown graphi(bally in Pig. 15 
for voltage ranges which arc likely to be encountered in practice. 


TaBIjK III.-CoKFPK'IKN'l'S FOR DetERMININCS ChAR Af’TERI.STKbS OF OvEHATTON 
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Hirnph'r forms of tlub above (h piations vvhiidi may Ixb nsc'd b(;tw('en 77 and 130 per 
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cent havcb Ix'C'n (Ic'rived by Moon,' who also givc'.s the lif(' of a lamp L operated at 
^ Moon, I^ahuy, “Soifnitific BaniB of llhiaiinalion I^juginoeriiig," McGraw-Hill. 
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blb IV. Characteristics op Lamps for Photographic Purposes 
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Clear 

Med. screw 



One flash 

No. 20 

.... 

3-126 

A-23 

Clear 

Med. screw 



( ( n 

No. 75 

.... 

3-126 

A-23 

Clear 

MckI. screw 



n 

No. 1. 

260 

106-120 

A-21 

Inside frosted 

Med. screw 

8,060 


2 

No. 2. 

500 

106-120 

A-26 

Inside frosted 

Med. screw 

17,000 


G 

No. 4, 

1000 

106-120 

PS-36 

Inside frosted 

Mogul screw 

33,600 


10 

1. 

2000 

106-120 

PS-62 

Clear 

Mogul screw 

(55,000 


15 




For Gcmeral Lighting in 

Studio 





500 

110-120 

A-26 


IVIed. screw 


3200 



500 

110-120 

PB-40 

Clear 

Mogul screw 




500 

110-120 

PS-40 

Photo bine, in- 

Mogid screw 








side frosted 






1000 

116 

0-40 


,M!og\il screw 


3200 



1000 

116 

P8-52 


Mogul SCU’CW 


3200 



1000 

110-120 

PS-52 

Clear 

Mog\d screw 




1000 

110-120 

PS-62 

PVioto blue, in- 

M’ogul screw 








side frosted 






1500 

116 

PS-52 


IVIogid screw 


3200 



1500 

110-120 

PH-62 

Clear 

Mogul screw 




1500 

110-120 

FB-52 

Photo blue, in- 

Mogul screw 








side froBtcnl 






2000 

116 

G~48 


IVlogid hi post 


3200 



6000 

116 

G-04 


Mogul bipost 


3200 






For Br>^>thfi;hl.H 






400 

110-120 

G-30 

Clear 

McmL screw or 









M(‘d. prefo<nis 





400 

110-120 

Cl-30 

Photo blue 

Med, H<u’<>w 




ICrdarging Lamps 


75 

106-120 

A-21 


M(ul. screw 





160 

105-120 

A-21 


M(m 1. Her(*.w 





250 

105-120 

A-21 

Inside frost-cd, 

Me<l. sortsw 


.... 

2 





outwido coat<Ml 









whiter 






260 

110 120 

PS-30 

rUear 

Mfui. H<u*c')W 





400 

110-120 

I‘S-.35 

Cd<^ar or f roHt ttd 

Mt'd. skirt-iul 





1000 

110 120 

PS-62 

Clear 

Mogul 





FHe letters indicate the shape of the bulb an follows: A—f)ear shape with Hhort |icIasH Htein, 
r (spherical)* PB—-p(Mi,r“HhaT>e<l. Xhc^ ruiuibfU’H iu<iien,t(^ the ruaxiniuin dianuiter ixx (UMlhths 
XhuH tlie number 40 iiulieatCH a bulb whose diamed-er is <>i- 5 in. unixitnutn. Ah an 

0-4S bulb would bo globular or spherical in shape, uml would have a maxim urn diameter 
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voltage V in terms of its rated life Lo when operated at its rated voltage 
equation for the life of the lamp is 


L 

Lin 




This 


( 8 ) 


For the large user of illuminating incandescent lamps, power consu^iption and tlio 
cost of power may be an important economic factor. If the cost of power as well 
as the cost of the lamp plus its installation charge is known, the most economical 
operating voltage can be determined. Let c be the cost of one lamp i)hiH its insi allation 
charge, in cents, and let h be the cost of power in cents per kilowatt-hour, 'rhcui' the 
most economical operating voltage for a lamp of rated power Po ami rattal voltage 
Fo is 

1 _ 

a» 


,, ,, - Bs)n 

ciBr-~B7ri 


Hi 


Hi 


where the values of Bn are those given in Table III. In general, tlie most economical 
operation will usually be found to be obtained at a voltage slightly above rat lu^r l-han 
at or below the rated voltage. Of course, if the lamp is opt^rated at soim^ v<)ltagti otlusr 
than its rated voltage, its life, luminous output, and other charac‘t('riHti<‘H will 1)0 
affected in accordance with the equations given above from the pai)(*r l>y Harrow 
and Meyer. 

Photoflpod Lamps .—Incandescent lamps may be operated at consich'rahly higher 
than their normal voltage for 1000-hr. operation. The main (dfeuds oi t his overvoltage 
operation are: (1) considerably greater light output is obtaiiuMl, (2) togcdluT with a 
shift in spectral distribution toward the blue end of the visible speed rum (.both factors 
of which are advantageous from the photographic standpoinl), (3) Ihc' uorinal lih^ 
of the lamp is greatly reduced, and (4) the temperatun^ of th(^ (ilaiueiit and the con¬ 
taining glass bulb is raised, sometimes to such an ext(uit that tlie usi' of wind) lumpH may 
require unusual methods of handling, ventilation, and fire protend ion. Tlie jihot tdlood 
lamps commercially available for photographic purposes are of t his o\’<'rvoltage type. 
If used in such a manner as to have a life of 1000 hr., tludr rat('(l v(dtng<‘ would be Ot 
instead of 110 volts. The filaments of such bulbs must b(‘ lanivier t han t be filanumts 
for bulbs operating at normal temperatures in order to insure a. lif<“ of (‘V(mi a few liours. 


Table V.—Chabaoteristics op Photoplood Tvamcr 


Type of 
lamp 

Operating 

voltage 

Watts 

Current, 

amp. 

Tjumens 

output 

launcMiH 
jx'r wjit t 

lOiUxl 5 iv(*r- 
ugf* lift', hr . 

M 11 X. 

t tunp,, . 

1 

116™120 

250 

2.2 

8,375 

33.5 

*» 

3400 

2 

115-120 

500 

4.35 

10,750 

33.5 


3400 

4 

115-120 

1000 

8.7 

33,500 

33.5 

10 

34 10 


The reason why photoflood lamps arc more efbudiMit for photographic pxiiqxises 
than ordinary electric lamps of the same power rating is because t hc'y are operati'd at 
considerably higher temperature. Operation at temperatun's of about .HKH) to 
3600°K. instead of the usual 2700 to 3000°K. for general seiwitw inennises t he (dlicdeney, 
measured in lumens per watt. At the same time it produce's nda ti vi'ly more' bbu^ than 
red radiation (compared with lamps for general service lighting), bot h of whitdi efteetH 


1 Ibid., p. 166 - 166 . 
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are advantageous from the photographic standpoint. These advantages are obtained 
only at a considerable loss of life, however. 

Because of the short life of photoflood lamps, it is economical to operate them at 
their full rated luminous output only during the time exposures are made, and to make 
focusing and other camera and light adjustments with the lights operated at reduced 
voltage. Three methods of a,c<omplishing this result are shown in Fig. 16. At (A) 
a resistance R is placed in series with the lamp, and a switch is connected across R. 
While making preliminary adjustments, the switch is opened, which reduces the 
current flowing through the lamp, and consequently requires that it operate at lower 
temperature and at low<u- light output. When the switch is closed, the lamp operates 
at its full luminous output. It is conveixient to liave the lamp operate at one-half of 



B 


110-120 vo/fs 
A/ternaf/ng current 


Aufotrans former 


Lamp 


C 

■Fixj. 16 .—I’hreo circuit diagrania illuHtnil.itig nictluxl.H which may he used to reduce 
t,lio voltage ucroHH photoflood lairips when not rtMiuinxl for making exposure, tlieroby 
iiHiroHsing thci life of these lntn|>H. A and H may he iiHe<i w'itli a.-c. or d.-t;. cinmits, but V. 
<'Uii only be <unployed with u.-e. cir<niits. 


its normal oinu-ating voltage, and, in ordcu* that this may Ix' aecomplisluHl, it is iieces- 
sary that R lx* of thci propxu' n^HiHl.atuxi and lia,v<^ ( Ix^ }>ro|XU’ powxa- rating to (airry the 
curnmt taken by th<> lamp whxm op<>rat(xl at nxlmuxl output. 

B<x'a.uH(^ tlui n'HisfJunm of incan(l(SM(xxit luitqxs is not. (X)TiHta.nt but vari(\s with the 
l,yp(‘ of lilaamxit and its teniperaf xir(\ it is not possibh^ to u.S(^ tlui simple application 
of Ohm’s law' For computing flu^ resistarxx^ R. '^riu^ inaniu'r in whi(d> Olim’s law may 
Ix^ apj)lie<l to this and similar problems, in wliich varying nssi.stanc(\s Jire involvxxi, is 
outside' of ( he scope* of t liis l)e)e)k hut. may be^ t'exund in aaiy gexxl te*xt on edee'.trieail emgi- 
ne^oring. We^ prefe'r rne're'ly te) give* the results; '^I'ahle^ VI shows thex re^sistaneic and 
poweu' rating wliiedi will he* re'eiuireal feu' one of eaie*h e>f liie^ threx^ ce)mmonIy xivaihilde^ 
phextoflexxel lattips. If n lamps arei usexl in pnra,ll(*j insteaxel of only onei, the re'sistance 
given in tlie( tahlei should he divide'd hy n atiel the*; [xxw'eu- rating should he nuiltipliexl 
hy a, in orde^r t hat the insiste)!’ may niexit tlx* edeetrieal rexpiirements of the eireuit. 
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The power rating given for R is the minimum safe value. Some resistors, especially 
the vitreous enameled type, operate at high temperature at their rated power. In 
such cases using a resistor of two or three times the power rating specified (but of the 
same resistance) will fulfill the electrical-circuit reqxxirements and permit the resistor 
to operate with smaller temperature rises. 

The circuit shown in Fig. 16 jB is useful whore two identical lamps arc used. The 
double-pole double-throw switch ptits the lamps in series for operation at low light 
intensities and places them in parallel when full light outpvit is obtained. The current 
taken from the line when the lamps are used at fidl output is the sum of their indi¬ 
vidual currents at full output, i.e., if two No. 2 lamps are used, the total current 
drawn from the line will be 8.7 amp. When the lamps are in series, the current taken 
from the line is about two-thirds of the rated output for any one lamp, or about 3 amp. 
for the two No. 2 lamps in series. The switch, wiring, and fuses must, therefore, be 
able to carry at least twice the current of each lamp used, or at least 9 amp. in the case 
used for purposes of illustration. 

A method’^ of controlling the light output of lamps (ordinary Mazda as well as 
photoflood lamps) over a wide range of light intensities when alternating current is used 
is shown in Fig. 16c. An autotransformer® is used to vary the voltage applied to the 
lamp. The line is connected to the two fixed terminals of the autotransformer, while 
the lamp is connected between cne fixed terminal and the varying arm. In com¬ 
mercially available autotransformers, the voltage across the lamp may be adjusted 
smoothly from zero to its fidl value so that the light output also varies smoothly. In. 
certain models these autotransformers also act as voltage-step-up transformers and 
supply voltages in excess of the line voltage. This is frequently a valuable feature 
where ordinary Mazda lamps are used, situse it enables greaten- than normal light out¬ 
put to be obtained, but with a decrease in life. It is not recommended that photoflood 
lamps he operated above their rated voltage as the increase in light output would be 
obtained by a (ionsiderable decrease in life, which is already quite short. 

Several sizes of photoflood lamps are available commercially. Their cdectrical 
characteristics are given in Table VI. 

The high temperature at which the filaments of these lamps opevrato causes thc! 
glass bulb to become hot enough to scorch paper or cloth which may come in contact 


'Fable VI.—Ele('Tki(;al Characteristics of Photopi.i001> Lamrs Operatino 

AT Normal and Half-normal Voltaoe 



Fhotofiood, noriual ' 

operation 

Photoflood, reduetKi operation 

Resistor 

Photo- 









flood, 
num- ; 
her 

1 

V oltage. 

Cu rreut, 
amp. 

Resist¬ 

ance, 

ohms 

Voltage 

Current, 

amp. 

Resist¬ 

ance, 

ohms 

Resist¬ 

ance, 

ohms 

Power 

rating, 

watts 

1 

115 

2.2 

52.3. 

57 

1.40 

39.0 

40 

85 

2 

115 

4.35 

2(>.4 

57 

2.88 

19.8 i 

20 

170 

4 

115 

8.7 

13.3 

57 

5.7 

10.0 

10 

330 


with it. ConseqiKMitly, tlu^se bulbs should be used in metal rather than jiaper refli'c- 
tors. Tluvse bulbs (tousume considerably more power than most lamps used for honu^ 

^ The nutotranaformer method cuiinot be used on direct-current circuitB- Attempt to do so ma.v 
residt in blown fuses or burned or damaged itutotransforrner. 

“ Suitable autotransfurmers are made by: General Radio Co., Cambridge, Mass,; Americuin Trans- 
foi-mer Co , Newark, N. J.; United Transformer Co., New York, N, Y. 
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lighting, and care should be taken to ascertain that the wiring is adequate to carry 
the current required by the lamps. House circuits are usually wired and fused to 
carry currents not in excess of 15 amp. Consequently if this (mrrent is to be exceeded, 
it will be necessary that several lamps be operated from separate circuits so that the 
safe rating of any circuit is not exceeded. 

Carbon Area .—'^fhe c'arhon arc, is still used as a source of luminovis radiation for 
photographic purposes, but the convenience of incandescent lamps and gaseous- 
discharge lamps, together with their more quiet operation, are responsible for the fact 
that incandescent lamps are displacing carbon arcs. 

The electrical characteristics of the carbon arc are quite different from those of 
incandes(ient lamps. The resistance of the arc decreases as the current increases, 
\vhi<di in turn further d(H*.reases the resistance. In order to prevent a disruptive 
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Fio. 17.- 


4,000 _ 5,000 6,000 

Wavelength in Angstrom Units 

Visual and photographic; olTects (when using panchromatic omulsions) of daylight 
and <!arl>on-nrc illuiniiiation. d’ho solid curves are for (he ar<;. 


«lisc.harg(‘ from t aking phure, a ballast rosistM,nc(M)r otluu-curren t-liniiting device must 
lx; used in scri(;s with the an; to maiid.ain stability of op(;ra.tion. Th(‘ voltage across 
t,h(' an; i.s ahout 40 1,<> 80 voll-s, dcpciriding uixm the spacing l>(;tw('en the el(‘(;trod(vs, the; 
voltage b(*ing i)roportioiml to t he spacing. Tncrcuising tlu' cnrnuit through the arc. 
iii(;r(!a,s('s tlx; si/x; of the an; (;rut,er but ilocs not mat(;ria.lly alTcct tlxi luminous output. 

'The Hi)(;(;lrum pro(hi<;(Ml by tin* arc is tlx; contiauous sp(;(;truiti protluccd by the; 
iuca.ud(;.s(;(nit (;a.rb()ns, upon which are Hupcu'imposcd lim; atxl })and sp(;c.tra from thc^ 
vapors of (lx; arc.. In tlx; ordinary are with untr<'at<;d carbons most of the light is 
!^<i|>pli{;(l by the posit ive; (;rn(,er. 'I’liis (;ra.t('r op(;rat(;H at a, <;ol<)r t(;niperatur(; of about, 
d7(K)"K. aixl i)n)(luc<;H a brigli(,a(;HH of about 13,000 <;an<lh;s p(;r sep c.m. The arc 
pr()du(;(;H a, light, which is more; d(;(i<;i(;at in th<; long visible; wavt;l(;ngthH anel pre)elue;e;s 
gr(‘H(,e;r raeliat ion in (,lx; Hlx»r(,e;r visible; wa,ve;l(;ng(,hH than iix;a,txle;sc.e;nt lamps. 

'I'he; high-iiit,(;nHit.v eairbon arc in(;r(;as<;s its e;fru;ie;iu;y ove;r the; orelinary carbon arc. 
by eliininishing the; diaine;(,e>r e)f (lx; e;l(;e;tr()ele;s with ji give;n e;urr(;nt (which is the; usual 
me;MxKl) e)r by iix;re;a,sing ( he> eairrcnt fe)r a. give;n elia,me;tt;r e)f erarhem (;le;(“tre)ele;s. The; 
high-iute'iisity (;arl>e)n are; pre)elue;(;H a, gain in clfii;i<;ne;y anel a light whie;h is me)r(;nearly 
whit.e; and st('aelie;r tlia.n that e)f the; e)rdinaiy e;ne;le)se;el e;a.rhe>n arc,. In e)n(; high- 
inl,(;asity e;arl)e)a are; consuming 150 amp., the; {)e)Hitiv(; e;arhe)n is 10 mm. in elianieter. 

'The; spe;ctrum pro(lu(;e;el by e-arl)e)n jires is intermceliate' l)c;tw(;e;n that of m(;an noon 
sunlight aixl (hat e»f in(;aneleHccnt (;lectric lamps e>perate;d at terni)t;ratures in the 
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region of 2700 to 3000°K. In spectral distribution, the carbon arc resembles the 
photoflood lamp. Since the light is a closer approach to white than that produced by 
incandescent lamps, no filters are required unless they are also required with a source 
of sunlight. The photographic effects of carbon arcs are similar to those ot sunlight as 
shown in Fig. 17. 

In order to modify their spectral characteristics, the carbons are frc<|uci)tly drilled 
lengthwise and are subsequently filled with a core of inorganic salts. Thus the white- 
flame arc used for photographic purposes has a core of rare-earth fluorid(is. Because 
this core material modifies the spectral radiation of the arc and increases the intensity 
of the line and band spectra as compared with the continuous spectra due to iruuin- 
descence, it is difficult to make any definite statements as to the photographic; 
tiveness of various types of carbon arcs. Spectra produced by specially processed 
carbon electrodes may usually be obtained from the manufacturer. 

Enclosed Metallic Arc .—Enclosed arc lamps with metallic electrodes and known as 
Pointolite or Tungsarc are commercially available and are suitable for photographic 

purposes. The lamp consists of tungstem electrodes in an 
evacuated bulb containing a pool of metallic^ mercury 
vapor. A filament bridges the tungsten el(;etrod(;s, and, 
when the voltage of about 40 volts is applied to tin; tul)e, 
the filament becomes incandescent, thereby vaporizing 
the mercury so that within a few seconds an arc; forms 
between the two tungsten electrodes smd tin; (uirrent ris(*H 
to about 30 amp. The characteristic of tin* transfornu'r 
supplying the lamp must be"such that as tlu' arc eurrenl, 
is established the voltage across the lamp will fall t(t 
about 10 volts. This voltage is sufficiently low as to 
practically extinguish the filament. Tlu; spc'ctruni pro¬ 
duced is continuous and is largely that of t lu; in(‘an(i(;H- 
cence of the tungsten electrodes, but a (liH(;<)ntinuouH 
spectrum of mercury is also present. 

Transient Light Sources .—Under the heading of transient light sources are inchuh'd 
those devices which are intended to provide an intense Hash of light for ,sh<»rt duraf ion 
for making photographic snapshots. Usually these transient light sounu's can b<; 
used only once, but experimental work is in progress to provide; a " flash-flood ” lamp 
which may be flashed as often as desired. The most common of these; transi;;ii(. light 
sources for general photography are photoflash lamps and flashlight powders, although 
for special purposes, especially scientific photography, luminous gas(‘ouH-<lischarg«‘ 
lamps and spark discharges are also of interest. 

Photo flash Lamps. A very convenient and effective soun;(; of luminous in((‘iiHil\' 
for making photographs with an exposure of about Ks sec. is the photoflash lump, 
which is available in several sizes. These lamps consist of a glass Indb containing a 
filament, metallic aluminum, and oxygen. The metallic; aluminum may be; iti the 
form of thin (0.00004 cm.) foil or fine ribbons or wires, crumpled inside the glass cmvcl- 
ope. The lamps have a standard Edison screw bavse, and oi)era,te at a voltage' from 3 
to 115 volts. Thus the lamps may be used in the ordinary house; lighting circuit or 
may be flashed by means of several dry cells. When the current is turn(;d on, t.hc 
filament becomes incandescent and ignites the aluminum in the oxygc'u, producing a, 
quick, brilliant flash lasting from about 0.03 to 0.06 see. Tho characteriH(,ics of llu' 
luminous output as a function of time are shown in Fig. 18. The temp(;rHtur(' of the 
flash is approximately 3500°K., although at the peak this temperature may be 



Fig. 18.—Light output 
of typical photoflash lamp 
as a function of time. The 
total duration of the flash 
is of the order of about 3^2 0 
sec. 


1 The spectral characteristics of various carbon arcs have been given in the Nationul 
Standards Scientific Paper 639. 
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exceeded. Table VII shows the relative photographic effects, in various portions of 
the visible spectrum, of daylight and photoflash illumination. 

Table VII.— Relative PnoToaRArHio Effects for Various BImulsions and Light 

Sources 


Relative photographic effect 


Plate 

.....- 

Photoflash lamp 

Daylight 

Red 

Yellow 

Green 

Blue 

Red 

Yellow 

Green 

B1u€^ 

Bhie-sensitive plate. 

30 

15 

30 

1()0 

30 

10 

25 

180 

Isochromatic plate... 

30 

30 

30 

160 

30 

20 

30 

180 

Orthochromatic plate.. . 

30 

20 

30 

180 

30 

15 

30 

180 

Panchromatic plate I. 

180 

80 

30 

100 ' 

90 

40 

30 

180 

Panchromatic plate II. 

70 

60 

60 

120 

60 ^ 

40 

40 

140 

Panchromatic plate III... 

90 

50 

40 

120 

60 

30 

30 

160 


1 From Philips 2'ech. vol. 1, no. 10, (1936). 


Th(^ light output of photoflash lamps is given in Table VIII. One of these lamps 
produces a rnaxiinuin intensity of about 360,000 candles, which is about twice that of 
a 50-kw. tungsten lamp whose luminous intensity is about 166,000 candles, measured 
perpendicular to tht^ i)lanc of th<i filament. The spcictruin is largcdy continuout 
although some sui)erimposed lines of alunvinurn are prc'sent. 

The |)hotoflash lamp is (piiet in operation a,nd dcx^s not produce any smoke or 
ohjectionahle odors, vai)orH, or gases since tlui combustion is (confined entirely to the 
intcirior of tlKi glass Indh. Of coursti, when otn^e uscid, th<^ aluminuirv is (dianged to 
aluminum oxides and tlu^ filament is usually burned out, so that the lamp ca.n no long<‘r 
be used. 

It is sometimes found that i)hotofla8h bulbs opc^ratcui at low voltage (3 volts is 
(common) fail to flash. This is probably du(' to lack of contact hetwocui the filament 
and tin’: crumpliMl alumitmrn. Ru(d> ludhs may Ix^ used on high-voltag(^ clnnuts, 
how(wer, and will then perform sa(isfaetorily. It has Ixam found that wlxm sevcu’al 
photoflash l)vdhs are UH(^d in the same ndleetor, igniting one lamp will serve to scfl, off 
the other lamps. For this rtvison, it has sometitrK^s Ixa’in suggested that otdy otui la.mp 
in a group ixxhI be (ronncHdcxl to f lu^ soureti of current. Such a, proc’cdurti may be 
(mtircvly satisfacdory for portraitun^ or similar ty[X's of i)hotogra.phy wluu’e the suhjcxvt 
is r<!lativ{dy motionlc\SH and f.lx^ shnttcn- is opcuxxl during the cnitire duration t)f thc^ 
flash. However, the j)ra.(^(ie(^ of Hashing sev<^ral bulbs by conta,et is ru>t to be ri'com- 
mended in those; enise's wlx'n; fix; shutt(;r is sytndironi/xal with the photoflash lamps, 
as the; bulbs do m)t all flash at tlx' same time’. (lonsecpumtly, the shutter may be; 
erlosing Ix'fon; the “eoidact fla.she<l” lamps actiially ignite;. 

Bulbs have; b(;e;n known to e;x|)le>ele; while; being fla.she;el. The; re;sulting shattering 
e)f glass e;au he; elaMgere)eis. Te) safeguarel against exple)ding hunps, i)he)toHash lamps 
have re;(;(;ntly he;e;n ma,nufae-ture;el with a disk e)f ee)le>re;d salt painteiel e)n the; hidb e)r 
f.he; ste;m. ''Fhese': eiisks have* eme; e;ole)r in an abse)lute‘ly elry a.tmosi)liere; of oxygen) hut 
e;hange their ee)le)r in the; [)re;se;nee; e)f the; me)isture; e)f the; atme>sphere;. If any cracks 
or air leaks e)e;e;ur in the; bulb, this salt e;ha.ng(;s e;e)le)r anel inelie*a.f,e;B that the lami) is 
deifeictive* anel may e;xple)ele;, 8ueh lamps shoulel not he; use;el. 
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Photofiash. lamps cannot^ of coursej be tested on line voltage or on batteries which 
pass suflS-cient current to heat the filament to incandescence. Ky passing very small 
current through the lamp, insufficient to produce incandescence, a sensitive micro- 
ammeter or milliammeter in series with the filament will show a deflection if the fila¬ 
ment circuit is continuous and the bulb is suitable for use. Another method which 
has been used is to use a battery circuit with a high resistance relay in series with the 
lamp filament. The relay contacts can be made to operate a lamp in another circuit 
if the filament of the photoflash lamp is intact. 

When using photoflash lamps, the camera shutter may be opened temporarily 
while the lamps are flashed, after which the shutter is closed. A much more con¬ 
venient arrangement, and one which may be used where the general level of illumina- 


Table VIII.— Charactebistics of General Electric Photoflash fMMi>s*^ 


Lamp, 

number 

Total light 
output, 
lumen-sec. 

Max. output, 
million lumens 

Time, sec., from oloHing circuit to 

Start of 
flash 

Peak of 
flash 

End of 
flash 

10 

24,600 

2.8 

0.012 

0.020 

0.080 

20 blue 

6,200 

1.0 

0.013 

0.025 

0.080 

20 

52,900 

6.1 

0.013 

0.025 

0.080 

75 

171,000 

' 

8.8 

0.020 

0.04 1 

0. 1(H) 


i Forsythe, W. F. and M. A. Easley, Characteristics of General Electric PhotoflaHh liampH, */, Opti¬ 
cal Soc, A?n., 21, 685 (1934), 


iion might fog the photographic plate, is to sj'nchronize the action of tho .slm< tor wilh 
the switch or flashing mechanism of the photoflash lamp. S(iV(‘ra.l sncli synchronizing 
devices are available commercially. In using such sync^hronizi'ig devicc^s, it is impor¬ 
tant that the peak of illumination of the photoflash lamp occur when t he shutter is 
completely open. Because photoflash lamps require about 0.020 to 0.040 s(‘e. to 
reach their peak of illumination after current is turned on, a shuttevr spet'd of ahoul. 
1^5 sec. is usually used. The synchronizer is usually designed so tha t I lie shutter 
action may be adjusted to the characteristics of tlie photoflash lamps for optimum 
performance. It should be noted that the time of travel of fcxud-plaru^ shutters 
across the film area is slow compared with the duration of the flash. hoj- this rtaison 
photoflash lamps operate most satisfactorily with hotwoen-thcvlens shutt<'rH. 

Flashlight Powdevs. Rapid oxidization of metals sucdi as inagru’^siinn and alnininuiu 
was formerly used to provide an intense source of light of short dura tion, but t lu'se 
flashlight powders have been almost entirely replaced by photoflash lamps. Flash¬ 
light powders usually consist of a mixture of magnesium powder a,tid an oxidizing 
material like potassium chlorate. Since these mixtures oxidize ra{)i{lly with almost 
^iol^^ce, they must he handled with care, ""hhc'y nia v hc^ ignit c'd by uK'aiis 
cjf an open flame, a fuse, or an electrically heated wire. 

Special Light Sources .—Sometimes special or unusual light sourei's are nuiuin'd for 
some particular purpose. These may frequently be of considerable' importances for 
certain applications of photography but are not of sufflesiont general inteu'csst to warrant 
extensive description. For further details on such light souret's, rcsfc'rc'necs should Ixs 
made to the literature.^ 

1 Forsythe, W. E. editor. “Measurement of Radiant Energy,” McGruw (19.^7), muip. H, Kives a 
^od summary of the various light sources which are useful for scientific purposes, as we'I as a good 
bibliographical reference to the technical literature. 
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Reflectors.— The light produced from light sources may frequently be used much 
more effectively if- a reflector is used with it. The reflector does not produce any 
more light than is generated by the light source, but directs it to the desired position 
where it may be used more advantageously. Reflectors may be used at the light 
source, in which case they are most efficient, or may be used near the subject being 
photographed, where their use gives flexible control over modeling and light contrast. 
Where sharp shadows are desired or are at least not objectionable, smooth, polished 
reflectors of the specnilar type may be used, but where “soft” diffused lighting is 
desired, etched, hanunered, or tliffusc reflectors are more suitable. The degree of 




Conicofl Re"flec+or 




Spherical Reflecfor 
Lamp Focus 


Paroibol oid Ref lec+or 
Lamp a+ Focus 


--—- Incident rays - RefJecfedrays 

19. -Incifh'nt. iind ndlcu*! (mI niyn for viiriouH nlinpoH of HixHHihir rofloctors, HhowiriK 
approximntely how 1\h> l)<>ainH an) Hproad. 


didusion niM\' 1 k^ in(*r<‘nH(al by placing' (IKTusiori scnaais of |)np(M\ liiU'O 

})a.p(a', ground glass, oiinl glass, or siinihir inndcMaaJ in patli of iho light niys, 

! h(‘ (dt(Md i v(‘n(‘ss ol a ndhador iis(h1 in (‘onjuruddoii wit li a. light, sourca^ (Uyx^nds 
upon: (I ) I li(^ shap(' ol I lu‘ ndhador, (2) t h<‘ inatoria.l out of whiidi t.lu^ ndkador is nuul(% 
aiul (d) suriaci' t.nai t nund. o( t h(‘ ndhud-or. l<hgun‘ 19 shows a diagranuna tic! 

r<^pr(\s(ai(.a.( ion of a light, souria^ us<al wit h polishcHl sixandar ladhah.ors of (-(adain c*oTn-« 
moil lorins, logidhcu' with th(‘ ind. light- hoains producaal, hd'oin this diagra.rn it is 
vviilvwi that (h(* (hit plain' ndhad-or is most suitaJilo for jirodinding a wcdl-dirfuscHl 
sounay wln'nais (In^ jiaraholii' ndhador prodmu's a. shaj'ply (hdiinal Ix'a.in. Otin'r 
I onus ol ri'thadors shown prodiux' int<Man('dia.t <' <df(‘(d-H tx't wa'(n]i th(‘S(‘ two ('xI-umiu^s. 

'V\\o ina tnrial out. of vvhi(di t In^ ridhxd.or is nunh' as well as tlu^ |)<)lisli of t,h(^ surfa.(u^ 
<h't('nnin<' I In' amount ot iin'idt'ut light whicli is n‘fl('(d('(l from its surfa.cna ddihlc IX 
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gives reflection factors as a function of wavelength for several polished materials 
from which reflectors are constructed. The figures in this table represent the fraction 
of incident light which is reflected with unity as the ideal limiting figure. It is desir¬ 
able that the reflection factors for a given material be as near unity as possible and 
that they do not vary with wavelength. The nearer the reflection factor approaches 
unity, the more efficient is the reflector. Constancy of reflection factor throughout a 
wide range of wavelengths is desirable in order that selective reflection may be avoided 
and so that reflected beam has the same spectral distribution (‘'color") as the light 
incident upon its surface. 

Table X gives the reflection characteristics of several materials suitable for use as 
diffuse reflectors. Included in this table for purposes of comparison are the character¬ 
istics of black velvet (frequently used as an excellent light-absorlring medium) and 
black carbon in oil. 

The effectiveness of commercially available reflectors for photographic j)urposes 
depends greatly upon their shape and the materials out of whi<*.h they ar(i construe.ted. 
As a rough approximation, however, it may be said that with conicjil reflectors made 
of white paper, the exposure need be only one-half of that required when no resflector is 


Table IX.— Reflection Factors for Common KEFLEtriTNO Materiai.s 






Metals 




Mirrors 

Wavelength, 



















m/Lt 

All! mi¬ 
ll u m 

Chro¬ 

mium 

Nickel 

Monel 

metal 

Silver 

Steel 

Ziuc 

Silver 

Mercury 

200 

0.35 

0,3(> 

0.45 


0.27 


0,22 



250 

0.53 

0.32 

0.40 

.... 

0.33 

0.38 

0.39 



300 

0. (16 

0.38 

0.46 


0.20 

0.37 

0.48 



350 

0.71 

0.41 

0,49 


0.6(5 

0.45 

0.51 



400 

0.71 

.... 

0.53 


0.84 

0.40 




450 



0.69 

0.57 

0.88 

0.54 

0.54 

0.8(5 

0.73 

500 


0,55 

0.61 

0.58 

0.90 

0.55 

0.55 

0.87 

0.71 

560 



0.63 

0. .59 

0.91 

0.55 

0.50 

0.88 

0.71 

(500 



0.65 

0.00 

0.92 

0.55 

0.58 

0.88 

0.70 

(550 



0.66 

0.02 

0.93 

0.56 

0 . (50 

0.89 

0.71 

700 


0.5() 

0. ()9 

0.04 

0.94 

0.58 

0 . (51 

0.90 

0.73 

800 



0.70 

0.(i7 

0.95 

0.58 , 

0 . (52 



1,000 

0.7a 

0,57 

0.74 

0.72 

0.9() 

0. (53 

0.49 




Table X.—Reflection Coefficients 


Substance 

400 

Waved ei 

500 

igth, m/A 

(500 

700 

Magnesium carbonate. 

0.03 

0,08 

0.98 

().!>« 

Magnesium oxide. 

0.07 

0.98 

0.98 

0.08 

Paper, white bond. 



0.75 


Paper, white blotting..... 

0. (i4 

0.72 

0 71) 

0.70 

Paper, newsprint stock. 

0. ;j8 

0.(il 

0. (53 i 

0,78 

White poreelain enamel. 

0.77 

0.73 

0.72 

0.70 

Black carbon in oil. 

0.003 

0.003 

0. ()()3 

0.003 

Black velvet. 



0.0175 
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used. When polished metal reflectors are used, the exposure may be reduced to about 
one-fourth of that required when the same light source is used without a reflector. 
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CHAPTER X 


LIGHT FILTERS 

By Bbveely Dudley 

THEORY OF FILTERS 

As used in photography, filters are employed to alter the inarinc^r in whieh radiant 
energy (usually visible light) affects photosensitive materials. This alteration may 
be desired for artistic effects, to reduce the amount of necessary retouching, to increase 
contrast, or for registering photographically certain radiations at the tixclusion of other 
radiations. The effects obtained by the use of filters depend, not only on thei charac¬ 
teristics of the filter, but also on those of the photosensitive material and the source 
of energy affecting the photographic film. 

Effects of Radiation.—Most forms of radiant energy occur as electromagnetic 
waves in which the vibrations are transverse or perptmdicular to the direction of 
propagation of the wave. Figure 1 is intended to represent ohHff.romagrudic waves, 
such as those of light. The direction of propagation is indicated by the horizontal 



arrow, the displacement of a particle due to wave motion is in<lic!tt(‘d hy th<‘ vertical 
arrow, the displacement being zero when the wave crosses the ztn-o axis OP. 
amplitude of the wave is the maximum displacement from the rc'h'n'nce axis OP. A 
complete wave is one vibration, such as AB or Ol)^ and is nu^usuri'd from any point 
to the next successive corresponding point moving in the same diri'ct ion and having 
the sarne displacement from the reference or zero axis OP. dist.arua^ betw(am 

successive corresponding points in one complete vibration, such as AP or (ID, is on(^ 
wavelength and is usually measured in meters or submultiple portions of l,lu/nnd tm. 
It is often symbolically designated as X. 


Radiant energy produces different chemical, physical, physiological, psyidiological, 
and photographic effects depending upon two wave chanudcvristic^s. Oiu* of thesis 
characteristics is the amplitude or intensity of the radiated electromagnetic wuivi's- in 
general the degree or extent of an effect produced is directly proportional to t his ampli¬ 
tude or intensity. The other characteristic, responsihh^ for tlui diffiment types of (dTects 
produced is the wavelength or frequency of the radiant energy. Wavelength is the 
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length of one complete wave, measured from the corresponding portions of two succes¬ 
sive waves; frequency is the number of complete waves passing a given point in a given 
time, the second being usually taken as the standard time interval. If c is the velocity 
at which electromagnetic waves travel, the relation between the wavelength X and the 
frequency / is given by 

c == A ( 1 ) 

from which 

( 2 ) 

and * 


The velocity of light in vacuum has been measured by Mic.helson to be 2.99796 X 
cm. per sec. or 186,284 miles per sec. with a probable error of about 1 part in 
96,000. P\)r ordinary precision c can be taken to be 3 X 10"> cm, per sec. 

O 

Angstrom Units 
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U.---Limits of hum(3in vision-.-v 


^.""--Poinchromcitic film.>- 

.Ortho film-- 

^ .'--Ordinoiry 

^---Specioil films..... 

^----'Range of photo cell sensitivity.. 

lu<j. 2. W a h (’hnrt , ilhiHtnit iuK tho ranitco f)f sonHitivity of the tmrtian oyo, and 

various typers of film onmlsioiiB. 


2 sliows t li(^ va,lu<\s of vva.v(d(mj>;th and (rvqxwncy for va.rious tvfxvs of radiant 
OTUU'KV. h\>r visual and f)h(>t()j>;ra|)ln*r (dToeds the most iin[)orta,n( ranges of ra.dia.tionH 
ar<^ l,hos(' Ivinji; l)fd.w(M‘n 400 atid 7 ()() ii\ wnv(d<m^;*tli, sirua^ tins raa)f 2 ;(^ forms tlic 
visil)]<‘ sjxMdruin. Wavadem^ths of frotti 200 to as rmudi as 1200 niyu (*.a.n h<^ najordcul 
on pilot<)g;raphi<‘ plates comnuuadally a va.ihibhs a.lt liough tlu^ ra.iijji:<^ of ustdiil sonsitivit.y 
of most ph()t()p;raphi(^ rnat<ndals is from about 3 S 0 t.o 7)40 in^ for ordinary nom^olor- 
s(uisitdv<' or ort fionon ma ((M*ijds, 3 <S 0 to OOO lu/i for orthocdironuil i(‘ ma,t(u*ials, arid 380 
1,0 700 opt lor paiudiromat ic inatiM’ials. Radiat ions b<d-w(um 275 and 315 iri/x jirodiica^ 
sunburn; I fa* \-ray r<*^;i()n ('xt iuuls from 30 t,o 0.01 nix, an<l radio wave's may lui.vo a. 
\vav(*l(‘nx*t li of from b'ss ( Inm I cm. to 25,000 no 

Since' any de'vice' [iroducing radiant eMi<'rp;v m\arly always pr(>duc<\s ra,elia,tie)nH of 
s('V('ra.l wa,V(d(‘n|i;( lis en* a l>and of wa vedengt hs rat lie'r t han a t a sinp;l(* iseihiliul wav(v 

'rh(^ wa ]» f>f toniagncl i<* nuliut ioiiH ih UHually UH'iiHUrc'd in nu'tcrH (rn) or nu brruiIUpIes 

of th<^ uhS-oi'. Kor radio work tlo' nua*'!' in t,h(^ hI andard wa n nil al ( h<MUi;li with roctai t a,d vanca'H 

in vfny nhort wavon tJu* ocmi (i m<'l (‘f (O.eil in.) in Hoinct iao^H (anployi’d. For alioitcr wav('H, ntill smaller 
urdi.s an^ <*in|)loy<Ml. 

'PIk* micron, which in oac-inillionth part t)f a inct<‘r (ie) “‘i m.), in Honn*tinu'H uh(m 1 for tJic unit of 
wavol(aip;iip allhoiudi thin in nlill loo hii’^X' a unit to give convciii(*nt nunH'ri(*al figurc^M when dealing 
with wiivt^hMigl liH of vinihlc' light. For viaihlc liglit, a common wa,v<‘l<‘iu!;l h unit in the millimifu'on, 
whi(di in oin'-t houHarult h of a micron, or oin^ onc-1 honHnndth-inilliont h part of a rn<^t(M’ (10 ‘*in.). 
AnotluM’ unit often nH(*cl in the viaibh" MpcM’truni in the angHlrorri unit (lO'U* m.) wliich in (Mjual to 0.1 itim- 
Hyrnhol for a micron in for a inilliinieron, inx; for a centimet,(‘r, cm; ff)r a inc'tor, in; an<l for 
an angHt rorn unit A. TluM'cdore, lx 1000 mx “ 10, OOO A. 10 cm. « 10 « ru. 
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length or frequency, energy sources frequently produce spurious or undesired fre¬ 
quencies as well as those which are desired. For example, sunlight is responsible for 
the highly desirable phenomenon of daylight, but because at the earth’s surface sun¬ 
light also contains radiations as short as 290 mfi, it produces undesirable sunburn. 

A group of waves constitutes a spectrum. If waves of all possible wavelengths 
between two limits are present the spectrum between these limits is said to be con¬ 
tinuous; if some of the possible waves between the wavelength limits of the spectrum 
are absent, the spectrum is said to be discontinuous or may be referred to as a line or 

band spectrum. The energy-wavelength charac¬ 
teristics of a spectrum may be represented graph¬ 
ically by means of a spectroradiometric diagram 
in which the wavelength (or frequency) of tin; 
waves is represented by the abscissas and the 
energy is represented by the ordinates in rectan¬ 
gular coordinates. The spectroradiometric. 

diagram for a continuous spectrum is a continuous 
curve (Fig. ZA) whereas that for a discontimious 
or line spectrum is a series of lines, each of which 
represents the energy at the corresponding wave¬ 
length (Fig. ZB). The energy-wavelength (or 

spectroradiometric) charac.teristic of radiated 
energy is of primary importance in studying the 
effect’of light and other radiations upon photo¬ 
graphically sensitive materials and the chara(“.- 
teristics of filters. 

The alteration of the characteristic.s of tlu^ 
light emitted by a light source before it itnping(w 

H I I I I1 . IH L J I I I I I I I —ILJJ—U—111llli upon a photographically sensitive inatcvrial (^iui 

^ be accomplished by moans of reflecting or trails- 

t'-oiitiiiuous (A) and line D^^i^ting filters. A reflecting filter is one which 

light sources giving very nearly the reflects the radiant energy falling urion it, the 

same visual and photographic ef- change in the spec.troradiomotrie eharacti'ristii^s 

fects. The intensity, J, is plotted of the light occurring during rofleetion and bi'ing 
against wavelength, X, in arbitrary selective refieetion of this typo of filtt'r. 

A transmitting filter is one in which tlio ,s|)e(d.r)d- 
energy distrihution of the light is altered by pa.ssing light through the filter, which 
must obviously be transparent although it may be (and usually is) eolori'd. 

In this connection it may be useful to distinguish color mediums having difforiuit 
properties. For convenienee, the.so mediums may be grouped into pigments, dyo's, and 
colored glass. Although differing (amsiderably in their physical form, the two liittm- 
niediunis are optically similar and (vinsequently may be considered together. Idle 
pigments are opaque to light and materials containing pigments can only act as filters 
through the use of reflected light. Dyes and colored glasses, on the otlu'r luuid, are 
partially or largely transparent for a substantial part of the visible siieetrurn a.iid 
may therefore be used as filters by transmitting light through them. Thus the pig¬ 
ments act because of selective rtvfioetioii, whereas dyes and colored glasses make usi' of 
their property of sele(divo transmission; both have sekictive absorption. 

All filters, whether operating by reflected or transmitted light, are effeetivi^ because 
of selective absorption, i.e., the manner in which energy of some wavelengths is more' 
greatly alisorbed than energy of other wavelengths, the portion of the energy not 
absorbed being reflected by, or transmitted through, the filter. Thus selecti ve absorp¬ 
tion might be said to be the fundamental characteristic of all filters. However, sin cm 
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practically all filters are transmitting filters and operate by altering the spectral 
energy of the light passing through them, we may, for all practical purposes, consider 
selective transmission to be as fundamentally important as selective absorption. This 
is especially true when we consider that for transmitting filters, selective transmission 
and selective absorption are merely two different aspects of the same physical opera¬ 
tion of energy absorption. 

Properties of Filters.—We shall be concerned almost exclusively with filters 
operating by virtue of their property of selective transmission, and, unless otherwise 
stated, the term filter will refer to a transmitting, rather than a reflecting, type of 
material. 

The inherent characteristic of such light filters is that, throughout the spectral 
region for which they are effective, the absorption (or transmission) of the radiant 
(vnergy through them in this spectral region varies with the wavelength (or the fre- 
(luency) in some nonuniform manner. For some wavelengths most of the radiation 
passes through the filter with little absorption or surface reflections; for other wave¬ 
lengths rrmst of the radiation (or light) is absorbtd in the filter itself with comparatively 
little reflection or transmission. Some refhiction always takes place at the polished 
surfaces of a light filter; likewise some absorption is always present for all wavelengths. 
For these reasons, no light filter can be theoretically perfect. However, in well-con¬ 
structed filters the losses due to reflection and absorption (cxc;ept in the reigion where 
absorpJ,ion is desired) can be made suffirviently small (about 10 per cent in the best 
cases) as to Ire of little practuuil importaneru 'This is (vspetually true at the rod end of 
the visible sprwtrum; blue filtru’s are generally nuHih less efficient. 

fi'lK! s(‘l(M*tive transmission ('liaru.ct(5risti(!s of filters indicate that there are some 
wavoh^ngths within tli<^ sireetral rr'gion for which t lu' filter is effec'tivo, or for which the 
absorption or attetiuatioii of tluj energy is small. P'or these waveUuigths, the emergent 
(UKU’gy will 1)(' a. large portion of l lu; incident etu^rgy. For other ranges of wavelength, 
the ti-aiisinission of 1 he filter will Ire small (|.h(' ahsorirtion or attenuation will be high), 
arid th(^ ('mergc'iit radiation will lx? greatly diminished in its irrtensity or ainplitud(i 
from that incitlent upon (he filter. For tins range of wav<d(ujgthH, the filter absorbs 
('iKugy. 'I'lu^ I raiisilion from the transmissiem ranges to the a.hsorj)tion range is more 
or less gradual. 

In speaking of (h<> sc'hndivx' ( ransmissioii of flitters, it is, perhaps, worth whiUdo 
call att<mt,i<>n to a eonimon nus(H)ne('f)(ion, f.e., the assumpt ion that a colored rmitorial 
(raiiHinits only a narrow range of wavi^lengl lis in t he imnuHliate vicinity of thcdoini- 
iia,n(. color. 'I'hiH is seddom (rue. 

'I'he wavelengt h at wliieh ( he lilb'r fails to ( ransmit l.lu^ imudent radiation is known 
ns t Ih' culoff wavf'h'ngt h. Simai ( he cutolT wavehuigt h is (hdormiiuxl from the meas- 
unmumts of tlu' incident, mid t he I'lnergent radiation int.iuisitii^s, the cutoff wavehuigtti 
will d(!p(‘nd upon the sensitivit y with wliieh t lu' ineidmit and ('uuM-gimt imergy isdetiw- 
inined. h'or this rt'ason tlm culolT wavidiuigth is soimdinu's ditlieult to determine 
pr(‘eiH<dy, esfiecially if t li<' eutolT (‘hanudm’istie. (the transmission in the region near th(^ 
cutofT wavelength) is not sharp or al)ru[)(. 

'riu^ radiant, (mm-gy wliieh is imuih'iit, upon I)ut not, I. ransmit,ted by t,h<< filter is 
ridleid.i'd to a coinfiaratividy small e.vi.emt,, and absiirbed t,o a. imicli largiu’ t^xtmit, the 
absorbed energy reap[)earing as heal. 'I'hi^ etimgy alisorlxMl by the filter, as well as 
(hat reflecteil, caimol b<‘ utiliz<‘d ef’feidively for photogra[ihie, purpost^s and is con- 
scxiiumtly wastisl, 'I'he us(‘ of a tiltor is therefore inluuimtiy wast.ivful of the light 
availal)li^ for photogra|)hie purposes. • A corollary of (his statonu'id, is t,ha,t, from the 
physii^al standpoint, filli-rs an* inh(*rently irH'flii'Huit devituiH, although they may 
he: higlily (*(T<'e(iv(^ in carrying out, t he intmided a,lt(u-a,tion of the spectral distribution 
)f light striking th<^ phot.oseneitive niat.orial. Fortunafely, filter efficiency^ per sc, is 
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seldom of importance and can usually be neglected for practical purposes if longer 
exposure time for a given aperture is not objectionable. 

For certain applications in which the filter is used in connection with and in close 
proximity to the light source, as in some forms of colored stage lighting, the filter may 
be required to dissipate a considerable amount of heat. The intensity of the radiant 
energy is sometimes very high in such applications, and if any considerable portion of 
the spectral region must be blocked by the filter, thereby appearing as heat, the 
physical and optical characteristics of the filter may easily change with aging. The 
transmission characteristics may be altered, the filter may become brittle and break 
u, 2 easily if a gelatin filter is used, or the filter 

"c ^ may even be scorched. Fortunately, where 

^ > filters are used for the more common pho- 

> j tographic purposes, these extreme con- 

% siderations of power dissipation are seldom 

55 important. 

”3 0 Since the essential property of a light 

filter is its transiiiission as a function of 
■fe « 2 wavelength, it is apparent that the effec- 

tiveness of the filter can be evaluated only 
^ by a spectral analysis of the filter-trans- 

ip 1 mission characteristic. Such spqctrora- 

diometric characteristics are determined 
i 5 experimentally by measurement and are 

0 expressed, usually, by means of a tables or 

w graph. Figure 4 shows th(; eiun-gy iruudf'.nt 

100 upon, and tliat emergent from, a cewtain 

Sc 80 filter for the light produccul by an iru'andes- 

"o cent lamp. Th (5 ratio of the energy curves 

c I f'hf' incident to th(^ (uiuu’gent raxliation 

5 £ results in the curve T\, or the transinission 

^ 20 characteristic of the filter. 

0 fh A. Effect of Thickness of Filter.—Although 

for photographic purposes light filters are 

rio. 4. -Jiffect of niter on light source. Tio<irK^ tv.wn. i 

i X j 1 1 jiCciriy ciiways! uiaclo iroiu arouitin or aiiiss, 

I he top curve represents the spectral char- .r .1 « t c i - , • 1 . . 

acteristic of a light source such as that of an tniCKnesH or which, is not clctoriniiu^d, or 
incandescent lamp, while the bottom curve susceptible to (diangc^, by th(^ usc^r, it can 
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Fio. 4. -Effect of filter on light source. 
The top curve represents the spectral char¬ 
acteristic of a light source such as that of an 
incandescent lamp, while the bottom curve 


represents the transmission of hypothetical be shown that the fillxu-transmission 
manner in which the filter characteristics dcpimd (considerably upon 

H^l:ht is shown in the middle curve. . truckness of hlt(u*. li\)r (a>rtiiin 

scientific branchcis of photograplty, 

metallography, liquid filters iire often employed in which th(i light passtvs through a 
glass tank or coll containing a, colored or selective absorbing liciuid which niters tlu^ 
spectral cha,racteristics of thc^ light. Wh(?n such filters an^ used, th<^ user has a fairly 
wide latitude in which to sclcv.t the tluckness of the filter medium and c.an, tluvrefore, 
alter the characteristics of the filter by controlling the thickness of the filter ccdl or 
tank. In such cases it is iK'cossary to know the manner in which the filter charac¬ 
teristics cliange with the thickness of the filter medium. 

According to Beer’s law, the ratio of the radiant en( 3 rgy transmitted through tlu 3 
filter to the incident radiant energy for radiation transmitted through a homogtmtious 
medium is an exponential function t)f the thickness of the filter. This moa.ns simply 
that for equal increments of increase in. the thickness of the filter, the transmission is 
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cut down by the same ratio or the same percentage rather than by the same definite 
amount. 

Another term for the transmission of an object is its transparency; other terms 
must now also be introdxiced. The opacity 0\ is the reciprocal of the transparency or 
transmission T\, or 

Ox = ^ (4) 


The optical density is defined to be the common logarithm of the opacity, or from the 
relation betweerx opacity and transparency, density is the common logarithm of the 
reciprocal of the transparency. Thus 



The apparent cutoff and the transparency or transmission curves change with 
variations in thickness of the filter. In specifying the transmission characteristics 
for filters, it is therefore evident that the thickness of the selective absorbing medium 
must be given before the complete filter characteristics are specified. 

It should be noticed that no attention has been paid to the reflection losses at the 
surface of the filter. Such reflection losses depend upon the qxiality of polish of 
the filter surfaces, tlie angle of incidence of the light, and the index of refraction of the 
filter medium. Tlu'y arc^ usually small enough to be neglected without appreciable 
error. 

Use of Several Filters.—Sometimes a filter transmission characteristic is desired 
whicli (uinnot Ixi acururately or adequately fulfilhxl by any known dyed gelatin, 
colored glasscH, or licpiids. In such cases it is Hornetiines possible to obtain a close 
a,pproach to tlu^ desired transmission characteristic by using two or more filters 
simultaru'ously, one in back of the other so that the light must pass through all filters 
in su(U’(‘ssion. Tlu* transmission of this cotriibination of filters, t\, is the product of the 
transmission (diaractc'ristic^s of the HC!])arate individual filters 7’x, etc. If we have 
three filt.(‘rs in use at th(^ sanu^ timc!, the transmission chara.ctori8tic of this combination 
in f,(‘rms of the: s<!para to filtcu transmission (duiracbu-istics will be, 


•^X = X f X ^ X 


( 6 ) 


'rh(“ transmission ebara,ctnristi(*.s of tlu; itulividual filters are \isually expressed 
graphically or by means of a (able from whicdi.a transmission curve may l)e con- 
Htruct<'d. If f h(! curves for tlu^ (hree (ill.<!rs ari^ availabh^, tlio above equation gives 
tlu! ov<u‘-all ( ra iistn ission for (,h<^ ( hnu'; fill c^rs, uk<hI one behirul the otlum simultaneously. 
It is evidt'iit (hat (lui over-all fransinission <diara(d(‘ristic is obtained by multiplying 
the (ratismission of”(h<! indiv'idual filters, wavehuigth by wavelength. Since tlui 
transmissiem of any filler can nevu'r be gnaitt^r tlia.n iinily fand (uui be unity only in the 
cas(^ of ail absolui.ely pi'rb'cl, filfi-r having zm-o loHS(^s), it-follows that the use of several 
filtm-s Ix'hind one auo( Ix'r will give an over-all or net traiismissitin for tlie filter system 
which will be Hueix'ssiv('ly smaller th(‘ greater the rmmlx'r of fiU.ers employed. For 
(Jiis naison (Ix' ligld. available for jihofograpluc work is (d'feetively diminished and a 
longer (*x|)osur<' nxiuired; so i(. is desiralilc not (o use more til(.<'rs (ban arc neixissary 
(<) jinxlucc (he (b'sired spi'clral I ransmisHion (dianiclerislii;. In praclici^ this number 
H(‘l<lom if ('ver exci'cds (wo. Oi lier objixd ions (.o ( h(‘ use of more filters tlia.n are abso- 
lulidy essi'iilial n'sult from niulfiple ndleelions from tlx^ surfaires of the filter and 
(liimmi( ion of optical qualif y as t he number of (ilf(U-s is increasi'd. Mxceptioii to this 
stateiiK'iit. may Ix' made for op(i(*alIy prepari'd filters irittaided for uses of this type, 
but (he average pliolograplxu- siddoin encounters such laiscs. 
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Filter Factor.—The filter factor is not an, inherent property of the filter alone which 
can be specified once and for all. Instead, the filter factor depends upon its spectral- 
transmission characteristics, the spectral characteristics of the source of radiant 
energy with which the filter is to be used, and also upon the spectral sensitiveness of 
the film upon which the modified light acts. Of these factors the only one which is 
inherently a property of the filter itself is spectral transmission of the filter. As the 
two other factors vary, the filter factor will change. 

Graphical Construction Showing Action of Filters.—Before interpreting the theory 
of filters, it will be well to consider some fundamental principles relating to radiation, 
filter transmission, and the spectral sensitivity of the photosensitive material. 



Fig. 5.—-Spectral curves of sunlight (top), a yellow filter (second) and panchromatic 
material (third). Phe effect of ox[)osirig the panchromaitic film to light of daylight quality 
is shown in curve A. (bottom graph), whereas if a yellow filter is used, the effectt is repre¬ 
sented by curve B. The area under curve A, compared with the area under B gives an 
indication of the filter factor required. If the exposure with the filter is increased by tlu^ 
filter factor, curve C results. 

In the spectral-distribution curves of Fig. 5, the top curve represtnits the spectral 
distribution of the light source (in(ia.n noon sunligiit, in this case), the scitond curve 
represents the transmission chara.(;t(uistics of the filter (Wratton No. 15 or (i filtcu’), 
and the third curve represents the semsitivity of a typical panchromatic film. I’lie 
bottom set of curv(;s r(^prcs(!nts the not relative sensitivity of the panchromatic film 
when used with tlu; sunlight source (curve A), as well as the net (iffect of thci photo¬ 
graphic film when used with the same sunlight source but with the G filter which cuts 
out all light below a wavelmigtli of 500 mu (curve B). The filter factor F is givim by 
the ratio of the area below the curve B to the area below the curve A, whereas tlu; 
exposure factor for the G filter (for mean noon sunlight and the panchromatic material 
indicated) is given by the ratio of the area under curve A to the area imdm- curve B. 
If we increase the exposure liy the proper filter factor, the I'esults for the ease in which 
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the filter is used will be somewhat as indicated by curve C, which is the same as curve 
B except that its ordinates have all been multiplied by the “filter factor.” By 
using the G filter and increasing the exposure by the proper filter factor, we have 
actually increased the density of the silver deposit on the film between 565 m^c (where 
the C curve crosses the A curve) and have decreased the density below 565 m/i. 

The photographic operations taking place and illustrated graphically in Fig. 5 can, 
perhaps, be better understood if we consider the effect on the density of a developed 
panchrornatic! material having the characteristics given by the third curve when a 
photograph is made of a white or gray (nonselective absorbing) surface which is 
illuminated by itiean noon sunlight. For an exposure such that the linear region of 
the H and D curve is employed, the density of the negative (as a function of wave¬ 
length) will be given by curve A when no filter is employed. Since we are not here 
concerned with color separation, this exposure will result in a uniformly dense negative 
whose density we shall call Di. If wc make another photograph of the same subject 
with the filter but with the same exposure as in the original case, the density of the 
second negative will be less than that of the first negative because those wavelengths 
below 550 m/x are considerably attenuated or entirely blocked from affecting the 
photographic negative. In this case the density of the second negative will be desig¬ 
nated as D-i. However, if we make a third photograph of the nonselective surface 
through the filter but this time multiply the exposure by the exposure factor of the 
filter, the dtweloped negative will have the same density Di as the original photograph. 

It is assumed t hat the processing conditions are the same in all cases. 

It is (Ii(u-(‘fore evidevnt tliat the use of a filter changes the density of the developed 
iK'gativt^ as !i. function of vvaveknigth or color, as is immediately evident by comparing 
curv(!s ,4 and B of the bottom graph of Fig. 5. From the explanation in the precseding 
pHragrat>h it will 1)0 seen that the exposure factor for the filter is effective in tending to 
k(H‘p the density of the developed negative independent of the manner in which the 
filter alters tin* Hp(‘ctral distribution of density deposit, thereby making more certain 
tlial. the strsught-linc region of the II and D characteristic is utilized. It may there¬ 
fore l)c sai<l thjit, in a general way, tlie filter alters the spectral response of the negative 
to th(' sl.imulus of the light source and object being photographed whereas the filter 
expoHUH' factor re[)reHtm(.s an increase in the exposure which is required in order that 
the region of corriad, exposure of the H and D curve be maintained when some of the 
light is rc'inovcd hy the lilt.cr. 

Gurv(' A at (he bottom of the chart is determined by multiplying together for 
(>ach vvavt'lcnglh from « == 350 imm to |3 = 712 m/x the relative intensity of the sun- 
lighl ./x and ( he sfuisil ivily of the photosensitive material Ii\. Curve B is determined 
for the Hfinm wavidcngl li limits by multiplying together J\ from the top curve, the 
tiller tiauismission 7'x of t.he micldlc curve, and the spectral characteristics of the 
hroina t i(‘ matt'riul /fx ol the bottom curve. 1 bus we ba.ve illustiatccl graj,)hi(<ally, 
the (‘.sH(‘ntial opeu-ations involved in determining filter factors for a given s(d ol condi¬ 
tions. Situs' the middle curve (rcptx'senting filter-transmission c.haracteristic) will 
be tlu' oidy oiu^ of the toj) three curves whitdi will nunain constant lor a given filter 
and either (he (op curve will (duinge for n dilTerent light sourtte or the third curve will 
change for a dilfen'iit, film <'mulHion, it is apparent that there is no single “filter 
('X{)()sun' factor’’ which H|)r)Iies undt'r all conditions for a given filter; this filter 

1 Iti lilts (liHiniHHum it luiH l)c<>n uHHumed that an ideal uniform nonaoloctives absorbing medium baa 
iiecn plio(,<>ata|)iie<l. In practiiu- (Ids is Helilorn. if ovor, the case. The photography of images of vary- 
inu: eiilors and lone ilepllis will prodtu'o an imnfted (rather tiian a uniformly dense) uegative. In sucdi 
eases (lie resnlls lire not so simple as outlini'd above, and the efTeets of seleotive absorption of tiie filter 
arul tliat of ttie filter expoHure fiu'tor cannot be considered indeporulently of one anotl)er. Yet the 
general cuncluHions given abov*' iioid true with secondary rnodilicatioiMi 
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exposure factor also depends upon the light source and the film. For this reason two 
filter exposure factors are usually given for the most common light sources, one for 
daylight and one for tungsten illumination. 

Having worked out a graphical explanation for filter exposure factors, we now 
propose to reinterpret the preceding section in less technical terms more familiar to tht'. 
average photographer. 

When a light filter is used in combination with a given light source and photo¬ 
graphic film, the time of exposure must be increased if the film is sensitized for rays 
corresponding to those colors which the filter absorbs. (In this, as well as the prc'- 
ceding discussion, no account is taken of loss of light by reflection from the surfat'cs of 
the filter or of absorption by the glass plates, cement, etc., except as these factors enter 
into the over-all transmission characteristic of the completed filter.) This imu'eastj 
in exposure is most necessary when the colors (wavelengths) absorbed by the filter 
are those for which the photosensitive material is most sensitive. The magnitude of 
the increase in the exposure which is necessary when a filter is used, may be said to 
depend upon the transmission characteristics of the filter. In a broader and less 
accurate manner, it may also be said that the filter exposure factor depends upon the 
color of a filter, for the color is entirely dependent (in the visible spectrum, of course) 
upon the absorption of the filter. 

Items Affecting Filter Exposure Factor.—The increase in exposure required whem 
a filter is used depends upon the density of color of the filter, since this detcirmiru^s the 
amount of absorption for a given color (wavelength). Thus, for cxa.mi)l(i, although 
all yellow filters absorb blue light, a dense- or deep-yellow filter absorbs more blue 
than a light-yellow filter if both filters have spectral-transmission csharacteristic^s of tlu^ 
same shape but different magnitude. . Consequently the deep-yellow filter would 
have a gfeater fiOlter exposure factor than the pale-yellow filter. (This ciffeet is not 
shown on the set of curves, but might easily be indicated by means of another filtcu-- 

transmission curve having less transmission at all wavelengths than tlui G filttu-. 

representing a deeper or darker filter). 

Another factor influencing the exposure through a given filter is the sensitiveness 
of a film for particular colors. If, for example, a film is relatively sensitiv(' to nJl 
visible colors, as panchromatic films are, the filter exposure factor for a yedlow filter 
which absorbs only the blue will be much less than if the film woto of the ordiiuiry 
(noncolor-sensitive or orthonon) variety and sensitive almost entirely to the blue rays. 
Thus, when used with a daylight source of light, the Wratten No. 8 or K2 filter hfis'au 
exposure factor of 12 for ordinary or orthonon materials but a factor of 2.5 for ortho- 
chromatic and of only 2 for fully panchromatic materials. 

A practical consideration in photography is the time of day in which outdoor 
scenes are taken. As daylight contains more blue-violet at noon than in j:,hei morning 
or later afternoon, the increase of the exposure time will be greater at noon than in tlu‘ 
morning or the afternoon for a yellow filter. This stateinont refers only to t 1 h‘ 
increase in exposure due to the filter factor; in practice the luminous intcnisity at noon 
is much greater than in the morning or afternoon, so that the alisolute ('xposun* is 
likely to be less than in the morning or afternoon. Similar fluctuations in H|)e<qral 
(color) distribution are caused by the seasons, as well as by the time of day, and l)y 
atmospheric conditions also. In general, where jmllow filters are usc^d, a good priti- 
eiple to follow is to increase the filter exposure factor the more blue the light, sourei' is 
and the less the film is semsitive to colors other than blue. 

It is, therefore, impossible to state the correct increase of exposure tinui for (wery 
light condition or even for every filter, and when attempts are made to indicate' filteu- 
factors, it should be understood that these factors are approximate and may napiiiv 
some deviations, depending upon the characteristics of the light source and film. 
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Unless otherwise stated, it may be understood that filter factors are given for white 
light of the quality of mean noon sunlight. 

The medium in which the dye is contained (in gelatin filters) ahso has an influence 
on the filter factor. The more transparent this medium is, the leas will be the increase 
in exposure attributable only to the xise of the filter for a given degree of spectral 
correction. Thick gelatin films, as well as films made of celluloid (improperly or 
insufficiently purified gelatin), may require a much greater increase in exposure time 
than proporly prepared gelatin, cenu'nted gelatin, or glass filters. In the case of glass 
filters, or gelatin filters (^cutionted l)otwcen glass, the al)sorption of the glass and some¬ 
times of th(^ cement will affect the filter exposure factor. The glass from which filter’s 
are made should be perfectly transparent and without the green tint which is fre- 
cpiently seen when the edges of glass plates are viewed. Nor is it sufficient that the 
edges of the glass plates be transparent rather than green, for, by adding compensating 
<*.olor ingredients, tlie glass may be made to appear white; however, the added ingred¬ 
ients provide! additional absorption, so that, while presenting a neutral appearance and 
a neutral absorption at all visible wavelengths, the glass is not so transparent and 
efficient as might be desired. For cemented filters the increase in exposure can be 
reduced throng'll the use of purest dyes and gelatin, colorless glass, and the clearest and 
most highly refined cement. Similar rociuirements are imposed on glass filters. For 
these reasons it is best to purtihasc filters properly made by a reputalile manufacturer 
whore the highest quality of work is being done. 

TYPES OF FILTERS 

Although the subje^ct of this si'ction is, properly, that typo of device which modifies 
(he sp(!<!tral-eiiergy distribution of th(! radiant (!n<!rgy affeeffing the photosensitive 
rnat<!rial, l lu're are other optical acccssorii's in phottigraphy which do not have as their 
main purposi! tlu' nuxlification of the spectral distribution of energy. Nevertheless, 
the use and (lonstnud ion of som<! of tluise optical airiicssorics an! so clos<!ly n'latod to 
the use and (loustnud ion of r(‘al filti'rs that tlu'y will Ix! (!onsid(!r(!d here. Therefore, 
it will 1)(! found f lint this chupti'r ctnhraixns: (I) filtcirs, for clmriging the speiitral-energy 
distribution of tlu' light. r(!a<!hing tlu^ photographic tna burial; (2) polarizing plates, for 
modifying t.h<! jxilnrization of the light tratisinittcd through the lens and only inci- 
d(!ntally modifying its Kp(x^tral-<'n(!rgy distribution; and (3) "s|)ecial eFfeets” plat(!S, 
such as diffusion disks and HUpi)l(!nicnt.Hry li'iis attacluneiits, whoso purpose is to 
modify llx* optical system of tli(! caimcra without a.pi>ro(!iably a.ff(!c.ting the spectral- 
('iu!rgy distribution curvi! of tlii' iruridinit. light. 

Types of Filters by Construciion..-In i)ra,(dic(!, the HubHt.a.ne(!s that arc used foi 

filt.(!rs (or color nH'diums) ar(! of tiv(! kinds: glassi's, g<!la.t.ins, (!ol()r(!d li<iuids, dips am' 
varnislu‘H, and sprays. now(!Vt‘r, only tli<! first. Ihr(!(! of th(!He (X)l()r mediums arc of 
importa.n(!(! in photognifiliy, and of tlu^so t.hr(!(', eoIori!<l liipuds are seldom us('d 
exeiqit in e<'rtain seimilitie work. 

But. t 1 h'S(! various nu'diuins ar(> nuvd(! up for |)rael.i(!al use in sevinal forms a,ml may, 
tli<'r<!for(!, be cla-ssific'd by (ainstrm'tion as: 

1. l)y('d gedatin sIhh'Is. 

2. l)y(xl g(!la.tin slu'cts e(!m('nt<'(l lx!t.vv(X!n glass jihiti's or disks. 

3. (Jhiss(‘s, whos(^ absor[)t.ion is (hq.i'rmim'd in the mix by ni(q.a.llie salts. 

4. (k)h>n'<I liiiuids in transf)ar('nf <*unlaim'rs. 

fija,(!h of these forms has its own inh(!ri!rit adva.nf.a.g<'s and disadva,nt.a.g<!s, and all 
arc us(‘d to some (!xt(“nt in iiholograjiliy. 

I)y(!d g(‘latin filt(*rs ar<* obf ainahh' in a vvidi! range of colors or sp<ie.tral-transtnission 
eharanteristies. As snpfilied c()nnnor(!ially for photographic! f)urp<>s(!s, the dyed- 
gelatin shcH'I.H are available! in thickneuss of a f(!W thousands of a,n imrh, and up to 
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10 by 14 in. They are the least expensive type of filter but often fade, particularly 
when exposed to high temperatures. After some use they become hard and brittle 
and are then easily broken. Gelatin filters are easily marked with dirt or grease from 
the hands and are difficult to clean, especially, since because of their softness, rubldng 
their surface is likely to scratch them. They are sufficiently thin that, when used 
alone, filter gelatins do not appreciably alter the focus of the photographic lens system. 
For temporary work, they are highly satisfactory, principally because of their low 
cost and wide range of available transmission characteristics, although they are 
unsatisfactory in a humid atmosphere. 

The dyed gelatins cemented between glass have the advantage over colored glass in 
that the gelatin makes available a wide range of spectral-transmission characteristic.s. 
Furthermore, the filters are not so fragile as the gelatin sheets alone and can be more 
easily handled and cleaned. The price for cemented filters is considerably higher than 
that for the gelatin sheets and is comparable with the price for colored-glass filters. 

Glass filters are by far the most permanent in their spectral-transmission character¬ 
istics when once made. But colored-glass filters are not yet available with su(!h a 
wide variety of spectral-transmission curves as dyed gelatin; the colors desired ar(^ 
often difficult to control in the glass melts, and the final filter characteristics depend 
to a considerable extent upon the processing of the glass. They are practically 
unaffected by temperature, within reasonable limits. They are much more robust 
than dyed-gelatin sheets but are considerably heavier and are, of course, subject tt) 
cracking and breaking. 

Colored liquids in transparent containers are useful in scientific work wlu‘re the 
photographic equipment does not require portability. A wide range of dytis in 
solution can be obtained, and by varying the thickness of the dye-containing cell, 
the density of the filter can be controlled quite easily. Such liquid-ccdl filters an^ 
heavy and bulky and are difficult to keep clean; there is also the danger of spilling tlu^ 
liquid. But where these disadvantages are of no serious consequence, th (5 liqiiid-cc^ll 
filters, particularly because of their flexibility have much to recommend them. I'ho 
spectral-transmission characteristics for substances in solution for the constrvurtion 
of liquid filters are listed for a wide variety of substances in the International (,'riti(“al 
Tables, and also in Speetroradiometric Investigations of the Transmission of Va.riou.s 
Substances, by W. W. Coblentz, National Bureau of Standards, Scientific Paptu* 418. 

Types of Filters by Optical Excellence.—^Light filters are usually available in not; 
more than three different types or grades, so far as optical excellence is conccnu'd; 
in many cases, the manufacturer provides only one grade. Tlu^ best filters arc^ made 
of heavy glass, ground and polished optically plane with both surfaces paralkd, or an, 
made of thick glass plates cemented to dyed gelatin, the cenuuited filter lik(^wis*i bcung 
ground and polished with optically flat, plane surfaces. They are (expensive but am 
finished with the same care as are high-quality lenses and are suitable for tlu^ most, 
exacting requirements. 

Light filters of very good commercial quality, perfectly suitable for amatimr and 
even commercial work (except that of the most exacting requirements), are available^ 
m thinner glass or cemented gelatin and glass. These filters are not so highly surfaned 
as the optical flats and are not recommended for use with lenses having a ftxuil huigtli 
greater than about 10 in., especially if a large aperture is used. Tlie majority of 

filters for amateur work and the less exacting commercial work are in this grade of 
excellence. 

A third quality of light filter, available from at least one manufacturer, is made of 
colorless glass optically imperfect with gelatin cemented between tlie platcvs. While 
not recommended for use in photography where the filter is in the direct path of the 
image rays, this grade of filter is suitable for visual work on such scientific applications 
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as photomicrography or spectroscopy where the filter is placed in the path of a dis¬ 
persed beam of light. The essential feature of filters for this service is their spectral- 
transmission characteristics and not their excellence from the optical standpoint. 

Graduated Color Filters.—Most photographic filters are uniform in color or have 
the same spectral-transmission characteristic in each and every part of the filter. 
With such filters the light reaching all portions of the film is modified in its spectral 
characteristics in its passage through the filter. 

Sometimes, however, it is desired to modify the spectral characteristics of the light 
reaching only a portion of the photographic film and to leave unchanged the spectral 
characteristicjs of the radiant energy reaching the other portions of the film. In such 
(jases gratluated filters are employed in which the density varies in some systematic 
manner. The most common types of graduated filters are the sky filters in which one 
portion of the filter is colorless—or, perhaps, has a slight amount of coloring—whereas 
another portion of the filter is fairly heavily colored yelldw (for orthochromatic mate¬ 
rials) or green (for panchromatic materials). The transition between the colored 
and colorless sections is usually gradual, and the colored portion of the filter may be 
of one density or may increase in density as one leaves the colorless portion. Some 
filters of this type are continuously graded from a pale to a deep hue at opposite ends 
of the filter. 

Such graduated filters are true filters in the sense that at least a portion of the 
filter provides selective absorption, although another portion may not. Such filters 
are often IcTiown as “sky fill,(ns” or “cloud filters” since they are used extensively to 
absorb l)lu(?, tluu’cby ixu-mif ting great(n contrast to be obtained between blue sky and 
th<) white clouds, llu'se sky filters mvist be used either before or Viehind the lens 
system in the cannu-a; if placed betwenm the hms components where the rays converge 
to a point in passing throvigh the filter, only a small spot on the filter is used, and 
instead of varying tlu^ specbral absorption for the image rays striking various portions 
of th(^ film, tin; filter is likc'ly to net as a n(uitral-dcnsity filbu’, merely increasing the 
tixpoHure time witlumt i)roviding the (hisinul tonal corrciction. 

Wlum graduated fil(,(u-s an^ uscal, (uirc must, be takciti to Jiscertain that the filter is 
properly ori(‘ulat('d with rcispcnvt to the original subject and the image on the film in 
order to prcjduce the; d(iHir(Hl (?ITect. borne sky filtens are marked by the manufacturer 
to indicat.wliich is t he to[i of the filter. In sky or cloud filters, the bliuj rays ai'c to 
be absorlxHl by t he filt.(U‘, and simu^ tlu^ blue ray.s cortu^ from the; sky (top of the camera) 
and produce an inrag(^ on tlu^ bott.om of the film (image on film is upside down), tlu^ 
yellow portion of tlu^ sky filter should be at tlui t<rp of the Icm.s board. 

In t.lui c-asc! of gradinitrul filters, ((^specially f.hos(( which may be adjusted by the 
phot.ogi'aj)lier) it is difficult, if not actually im|>OHsible to give suital)l(^ “filter exposure 
factors” siiHUi tlu'si^ factors th'ptmd not only upon the sp<Hd,ral charac.teristics of tlu^ 
light, sourer^, film and filtc'r, but also upon what portion of the filtt'r is used, and the 
maniuu' in whirdi eolor gradation appt^ai’s in th(^ filbn. In many cascis, no increase in 
(^xpoHur'e is napiirc'd for a sky or cloud filtcir; in other c.asc's tlui exposure must b(‘ 
ituux'.asiMl H('v<u’n.l times. It is best t.o (h'l.crmimi tluise filter <^xposur(^ fae.tors from 
(^xp(^r^(uu•e, using t he data, provichul by tlu^ manufa.('t.urc'r as a. gui(l('. 

Polarizing Agents as Filters.—Although strictly siXMiking, {lolarizing agents arc^ 
not light fillers, ('xcc'pt, jjossibly n,<Hnd('nta.lly or iiundcntally, nauuit progiess in t.lu^ 
tnatmfa.ctuni of larg(‘-sizc |)olari>?ing gelatin scnnuis (which ani usmtlly (*.enxmt<Ml 
l)(d,w(xui glass plat.es and surfaced a.nd polislu'd I.Ik; saiiK! as filt.(vrs) lin.s leal to thci uh(' 
of polarizing agents in phot.ography in nnudi the Ha.nu! manner as light, or color filters, 
'riu! us(‘ of t.b(!S(^ polarizing agemt.s for controlling or modifying .soims of the proporti('s 
of light, inak(‘,s tluan tnorc tunirly allied in their u.sc; and construction Uj filters l.ban to 
any other pitau; of auxiliary (apiii)nu“nt. 
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Before considering the use of polarizing agents as modifiers of the image rays 
affecting the photosensitive material, it is well to obtain some idea of the nature of 
light-wave motion, and the action of polarizing agents in general.^ 

Light may be considered an electromagnetic wave motion, in which the vibratory 
motion occurs at right angles to the direction of propagation. Such waves are called 
transverse waves. Figure ! represents a transverse ■w’^ave in which the displacement 
of the wave motion takes place only in the plane of the paper. When the wave 
motion takes place in a single plane, as in Fig. 1, the wave motion is said to be plane 
polarized. Ordinary light is considered to be composed of beams of plane-polarized 
light in which the vibrations occur in all possible directions perpendicular to the direc¬ 
tion of propagation. That is to say, for ordinary light, the vibrations of a transverse 
wave occur in all possible directions in the plane perpendicular to the direction in which 
the light beam travels. It is, of course, difficult to represent, diajgrammatically, the 


a 0 



... Fig. 6. Three light waves, vibrating in different directions. The left-hand diagram 
illustrates how these waves might look as they pass the observer, while the right-hand 
diagram illustrates how they would look when viewed “head oii.” Through the use of 
polarizing plates, with optical axes aligned, only one of these vibrations, such as a-fr coukl 
be transmitted. 


precise state of affairs which theor.y and experiment indicate takes place at any one 
partmular instant of time. The best explanation of ordinary nonpolarized light is to 
consider it to be composed of a great number of polarized waves wdiicli follow ono 
another in such rapid succession that, over any interval of time for which light effects 
can be recorded, vibrations in all directions perpendicular to the <lircction of travel 
are equally represented. Figure 6 will indicate in an elementary arnl simplified man¬ 
ner the type of process which occurs. For simplicity a ray of ordinary light will he 
considered to be composed of three plane-polarized light rays, a, h, and c, tlu^ {ilano 
of polarization of each of these rays being different from that of the others For 
simplicity it will be assumed that the amplitudes of tlio thna; plane-polarized waves 
are all equal. Then, if we looked at the composite light wave as it passed by us and 
^vere able to see the wave motion of the separate individual plamvpolarized waves, the 
effect would be somewhat as indicated by the left diagram. On the other hand if we 
could see the vibrations of the three plane-polarized beams as they come directly 
to us (or, eg as evaluated by a photographic plate) separately and individually, 

• of the three plane-polarized waves would be somewhat as indicatiul at the 

right which is an end projection. Actually, of course, ordinary light is composiMl of 
many more plane-polarized waves and the net picture is muc.h more complicated 
than IS indicated here, although the same fundamental principh^s apply. 

the zero axis and the waves are assuiruHl to be 
traveling from left to right. J’he distance from this z(u-o a,xis repr(vsents tlu, wave 
displacement. The waves 6 and c appear to luuvi* less amplitude tlum wave a hiHuuise 

by 1 a ..... 
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we are looking at them at an angle rather than perpendicularly. In the right hand 
part of Fig. 6, the lines represent the amplitudes of the three individual plane-polarized 
waves and all are of equal length. 

A polarizing agent has the property of ti-ansmitting through it transverse waves 
vibrating in only one plane; all other transverse vibrations are partially or completely 
absorbed by the polarizing device. Therefore, if a polarizing device is placed in the 
path of a beam of light which has transverse vibrations in all directions, the light 
emerging after passing throvigh the polarizing agent will be found to vibrate in only 
one direction normal to the plane of propagation. The property of polarizing agents 
to transmit light vibrating in one transverse direction but not in others is due to the 
proper orientation of many minute crystals in these polarizing devices. 

The action of polarizing plates can be explained by analogy by considering the 
polarizing plates to be constructed in the form of a grating of parallel bars. Wave 
motion in such a direction as to be parallel with the bars will suffer no obstruction 
and will readily pass through them. On the other hand wave motion perpendicular to 
the bars will be effectiv(>ly blocked. 

Many surfaces produ<*e a greater or lesser degree of plane polarization by reflection, 
rather than by transmission. Taght, as from the sun, which is polarized in all direc¬ 
tions perpendicular to its din'ction of travel, is more or less plane polarized after being 
reflected from the surfaces of insulators, such as glass, wood, linoleum, etc. The 
<ixt(uit of this plane polarization which occurs in such surfaces depends upon the angle 
of the light incident upon the surface and is a maximum for many surfaces when the 
iruudent light strikes ( he reflecting surface at angles betwexuv 30 and 40°. The plane- 
polarized light retle<d(‘d from sueh surfaces is largely rc^sponsible for objectionable 
glare. If tlu^ extent of the plane-polarizfxl light can bo ixxluced, the objeetionablo 
glar<; or nflections can likcavise he nxlmxxl or eliminated. 

If two polarizing j)latc's are used omt Ix'hind tb(^ otlnu-, the amount of light trans- 
mittxxl (brough tlaun will (h'fx'iul upon tlio n'lation of the o[)tic.al axes of the two 
l)lat<'s. If (lie two polarizing ag('ntH are so aligruHl that (heir opti(xd ax(^s and the 
<lire(d,ion of the polarizing crystals ani in (,h(' saine direction, maximum light will be 
(ransmittc'd through the eonibination, 'Tlu^ firsl. crystal will, of course, cut out those 
rays which are polariz('<l in dinxf ions oduw than ( hat (xirn^sponding (x) i(,s own polar¬ 
izing struc(ur<'. How(*v(‘r, since l)o(h crystals an^ aligned so (hat tluur (uysfals are 
orumted in ( lu^ sa.m<^ dinut ion, tlu' second (u-ys(al will a.(t, only in such a maniujr as to 
polarize! ligh(. w'hicdi already (X)itu-s (o i( platu! {>olariz(‘d; i(.H alhxd, on the light passing 
(hrough it will (.hcn'forc be Hiini)ly that, of absor|)(ion, as shown in hfg. 7- 

How(‘V('r, if th(' sfxxuul (“ryslnl or polarizing ag<'ti(. has i(s opl ical axis rot.atiCid with 
nxspcct (<) tiuit of ( lu^ firs( cryslat, (lu' ainounl. of ligh( jiassing (tirougli (lie combination 
will (l(‘pen(l upon the aiigh's lafwecn (be ()[)(ical axi's of (he (.wo crystals. If this 
aiigh' is zero, maximum ligh(. is traiismi(((xl; if (his angh! is 90”, no liglit will be trans- 
mittixl in ( he ixisi' of perf<x*( polarizing ngmils. h'or in(.erine<lia.(angle's, inf.ennediate 
amounts of liglit will Ix' passc'd. d'lienfon', liy using (xvo polarizing agents, one of 
which inny he ro(a(e(l wi(li n'.spixt. (o (li<‘ odier, w(> ha ve a. iiuxins of controlling the 
total amoun(. of ligh( iin.ssiiig (hrough (he (ximl)ina( ion ; vv(‘ luive also providexl a means 
of limiting (he (lirec(ion.s in which (Iu‘ (rnnsmi((.ixl rays a.r(' ca{)able of vibrating. 

Use of Polarizing Plates in Photography. -In phoiograpliy, polarizing crystals or 
plates are usually usc'd singly foi' llx' purjxise' of nxlucing glare' eir re'dex'liems of the 
desire'el image'. In most e'ase's, ('liminal ion eir re'elne( ion of re'lle'e'( ieins re'suHs in ji, ineirei 
ph'asing photograph anel ofle'ii |)erini(s e'llVels (e» he oi)(.aim'd whieli weiulel olhe'rwisei 
Ixj ve'ry eliflie'ult or e've'ii imjxissihh'. 'l lu' [leilarizing nude'rini is memnle'd in eire'ular 
e'ells whie'li sliii em eive'r ( lie' h'lis mount. 'I'lx'se' e-e'lls are' arraiige'el sei that (Ix'y may 
be rotateel alxm( (he' ee'ihral axis of (he* e-anuTa in sneh a. luanne'r as te) reduce' the 
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plane-polarized light (from flooring, windows, etc.) causing undesirable glare or 
reflections- Although the use of polarizing plates in front of the camera lens is often 
effective in reducing some undesirable reflections, it is most effective for glare and 
reflections within a fairly narrow angle around 35° from the central axis of the camera. 
It is not a cure-all for all reflection and glare troubles. 

The commercially available polarizing disks give an appearance of being a fairly 
dark-gray color. These disks cut down the amount of light being transmitted through 
them. For this reason the exposure time must be increased when these disks are used. 
The exposure will probably be two to five times that required when no polarizing 
filter*is used, although the factor provided by the manufacturer of such devicuis should 
be used in determining the increase in exposure. 



Fio. 7. Unpolarized light, coming from the extreme left, is polarized to vil>ra(t^ in a 
vertical plane after passing through the first polarizing plate. When the iiolarizing axis 
of the second plate is rotated with respect to that of the first, more or less light is ix'rniit ted 

to pass. When the axes of the two plates are at right angles, no light passes through tlio 
second plate. ’ 


With cameras having ground-glass screens, the polarizing filter is placed ovm- th(i 
lens and rotated about its own axis until the desired effect i.s obtairu'd. lu the c!us<^ 
of reflex cameras having a taking as well as a viewing lens, the effeivt of tli<' polarizing 
filter can be seen by placing this on the viewing lens, and rotating until t.lui proiier 
effect is obtained. The polarizing filter is then transferred to the taking hms wit hout, 
changing its angular rotation, and the exposure is made in the usual way, excu'pt. for 
increase in exposure. For cameras having an eye-level or reflecting type of view 
finder, the lens can be held up to the eye and rotated about its own axis until the 
desired reflections are reduced to a minimum. The filter is then phnual ov(u- t he Um.h, 
without rotating it, and the exposure made. Polarizing filti'rs for plK)(,ogra,phic use 
are provided with marks indicating the direction in which the crystals of the polarizing 
material are aligned; the relative position of these marks may be used to indicate* 
whether the polarizing filter has been turned or not. For those cameras in which 
focusing IS accomplished by rotating the front lens component, the focusing must 
obviously be completed before the polarizing filter is attached to the lens. Depending 
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■upon the type of camera and view finder, one of the methods outlined above can bo 
used in applying the polarizing filter. 

Neu'tral-tint Density Filters. Although not filters in the sense that they alter the 
spectral-energy distribution of the light passing through them, neutral density disTr« or 
plates are similar to filters in their general use and construction. These devices are 
gray in appearance since they are made to have as nearly as possible the same absorp¬ 
tion for all wavelengths in the visible spectrum. For this reason, neutral density 
filters show,no selective absorption in the visible spectrum, which is the characteristic 
of all true filters. The purpose of these devices is to absorb all colors equally well, and 
they may be obtained in various densities. They are used to cut down the amount of 
hght when it is not desirable to use a smaller aperture which would increase the depth 
of focus. Neutral density filters are also sometimes used with tricolor filters to cut 
down the amount of light when certain filters are used, so that all three of the color 
filters may have the same exposure factors. They are also frequently used for extend- 

the useful ji’ange of optical pyrometers and for other optical systems where the 
intensity but not the spectral distribution of the light must be altered. 

Neutral density filters may be made by dyeing gelatin with several dyes to produce 
equal absorption throughout the entire visible spectrum. Sometimes neutral density 
filters are made by dcipositing a thin film of metal (by a sputtering or sintering 
process) on a plate of glass. Silver, platinum, and aluminum are frequently used for 
this purpose. For rough work, satisfactory neutral density filters may easily be made 
by cementing a piece of unilorrnly exposed and developed negative between plates of 
glass. Such a filt(’!r s(*att(n's th<^ light much more than a dyed gelatin filterj moreover, 
it is difliciult or impossible to obtain uniform absorption over any apioreciablc area of 
(exposed and developcnl i)hotographic film. A fiirthor sourc^c of trouble is that th(^ 
developed film f)r plate may not l)e a neutral d(!nsity filter; if it b(H*,omc'.s stained during 
development or fixing, it is likcdy to show seh'ctive absorption.In spite of these 
difficulties, such siinph! d(‘vel()pei<l-film luuitral density filters are often quite suitable 
for certain ehisses of work. 

In photogra.phic work, neutral densif.y filtims are used, lik(! true filters, before (or 
behind) (,h(^ lens systfun of th(,i earmwa.. When nscal for speetrosc’opic and other uses 
\vhe^(^ tlif' [)ur|)ose is mer(‘ly to cut down the inh'riHity of the light, these filb'rs may be 
placed al, n-ny suit;d)UM><>‘td' in tlui path of the light beam. Ncnrtral density filters 
may b(^ obt.aintHl in a wi<h^ va,ricq,y ol sizes, eitlnm Kqna.ro or round and mount{id or 
unmountcal. The Wraf.f.eti dy(>(l-g<'la,tin neutral d(msity filters arc available in 
several (hmsify values, a.nd eompltdo sids may be olh.ained in which the. density of th(i 
filters i)rogr<>ss(‘s in decimal, logarithuu(q or perctaij.ag<' laws of transmission. 

Neutral-tint Wedges. -Similar (.<> Mm ueutral-tint (hmsity filters des(u-ib(Hl abov(^ 
a.r(' neutral-tint wcalges, wliich may be of the s<.(ii)r)ed or eoutiimously variables 

types. In t.h<^ former caH<^ the wedge is divided inf.o several sections, ('acdi of which is 
unironn over its miMrc an'a, hut (uich ar(^a.of which has a. valine of transmission difbn-ont 
lioni a(lja(“('iit. areas. I h(*H(* s(.('pp<si wedgc's arcs usually (‘onstriud.cvl so (Iiat siumes- 
siv(‘ steps in t.he wedges nypresfuit (Miual increnKmts of demsity or (sjual st.c'ps in Irans- 
niissioii ()i absorption. In t.lui c<)riliiiuonsly varia.bl(^ l,y[)e ol vv(*(lg(\, tln^ transmission 
a t oiKi (01(1 is high, wlnweas a t the ot her (uul it is low; th(^ tra.riHit.ion from orui to the 
otlu'r usually taking i>lace gradually, and uniformly. 

' .A noiiHclccUvc iihHorhitiK of u (l(‘vcl<)r>i><l noKiitiv*? may ba obtained by UMiniu: a dovolopor 

HUKKCMl.cd fjy Hbcp[>ur(l and Tra vidli, at Lhc: Vl lt.ti IiiUu iiat.ioaal ( Iomki uhh of PhotoKrapliy, aii<l con- 

of 


iniiM)i>hoiiol hydrochlorides. 7}ri, 

Sodium Hulphito (jinhydreum). 50 

Sodium onrbonato (iiuhydrouB) .... 5 Q pr^ 

Watcjr to makes. lOOO cc. 
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Supplementary Lens Attachments.—Ordinary supplementary lens attachmonts 
are not filters at all, although their construction and mechanical use makes it desirable 
to consider them along with filters, since they are used in the same manner as filters. 
Such supplementary lenses usually fall into two classes: (1) those intended to increase 
the effective focal length of the lens system thereby, at the same time nariowing the 
field of view; and (2) those which decrease the focal length and increase iihe angle; of 
view. The first class of supplementary lenses reduces the speed ot the lens sysl.em sincjo 
the focal length is increased for any given aperture. Conversely, the second class 
of supplementary lenses increases the speed of the lens. 

Supplementary lenses which increase the focal length of the lens system are some¬ 
times called portrait lenses; those which decrease the focal length are souudimes 
referred to as wide-angle, copying, or reproduction lenses. A set oi supplementary 
lenses usually costs but a small fraction of the cost of the lens system in a camera, and 
their use provides a lens system having several focal lengths and angles of view. 

These supplementary lenses are usually mounted in metal cells whif,h slip over the 
camera lens, or are held on the camera lens by means of a metal-spring holder. 

Special-effects Equipment.—A wide variety of lens accessories is availa.l)l(; under 
this name including diffusion disks for giving a soft diffused effect without rtuiking tin; 
image out of focus; fog plates for making negatives possessing the appeararK;(; of lad rig 
taken in heavy fog; duplicator disks, in which one-half of the disk is opa<iuo a.nd the 
other transparent and permitting (by rotation of the disk) exposures of half of the film 
at a time for trick effects, etc. 

CARE, MOUNTING, AND CEMENTING OF FILTERS 

Care of Filters.—When properly constructed, surfaced, and jiolished, fillers are of 
as high quality as optical len.ses, and should he given the saine careful considm-ation 
accorded to a good lens. When not in use, the filters should be krqit in a substanf ial 
case or other suitable container which will keep the individual [)lat(;s 8(‘i)jvrat('d from 
one another and in their proper place. By keeping filters in tludr propiu' conf aimir, 
the chance of ge;tting them dirty, scratching the surfac.es, or otherwise marring tlndi 
optical properties will be minimized, and the plates will always lx; ri'iidy for iisi'. 
Filters shordd be kept in a dry place at normal room t(;mp<'rivtur(;s atul should Ix' pro¬ 
tected from strong light, ultraviolet, infrared, heat, and similar radiations. Allhough 
colored-glass filters are not ordinarily harmed by th(\s(; radiatiorvs, tlu^ jihovn; j)r(;- 
cautions are especially necessary for certain gelatin and (Hmumt(;d gelatin fil(.(‘rs whicdi 
are subject to change in their transmis.sion charachn-istics with aging atid which are 
frequently unstable to heat and strong light. Ex(;(;ssivc heat is lik<‘ly to soften I,In; 
Canada balsam in cemented filters, and, if this occurs, the (kvlinition of tlu' filter will 
most probably be ruined. Plain gelatin films, without protc'c.tive glass, should lx; k('pf. 
flat by placing the films in a clean white envelope or bc'tween sheets of soft i)ap(;r and 
pressing between paralh;! surfaces, as the loaves of a book. 

Cleanliness is necessary in handling filters as w(;ll as iti ha,lulling l(;ns«;H, and thi.s is 
especially true in the ca.se of gelatin films bec.ausc of tin; didiculty of ch'aning th<; sur¬ 
faces should they become soiled. Filters not mountt;d in (;ells should be handled only 
by holding them by their edges or corners; they should not be grasp(;d with tlx' fingi'rs 
covering a portion of their surface. Some filters are protected at their mlgi's with 
binding tape, and this provides a satisfactory, if somewhat narrow, means of holding 
the plates. 

Cleaning Filters. ^Like lenses, filters should be cleaned by brushing tludr Hurfae(;H 
with light, fine tissue paper, lens tissue, or a (;am(;rH-hair brush. If the filti-rs become 
so dirty that brushing does not suffice to clean them, they may he rnoisteiu'd slightly 
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by breathing upon them and rubbing the surfaces with lens tissue, after making certain 
that all the grit has been removed from the surfaces. Solid glass filters can be cleaned 
by rubbing the surface with lens tissue dampened with denatured alcohol. This 
procedure is not recommended for cemented filters as alcohol is a solvent for Canada 
balsam; moreover the alcohol may cause the gelatin to swell if it reaches the cemented 
edges, thereby destroying the desirable optical properties of the filter. Under no 
circumstances should cemented gelatin filters or gelatin films be washed in water, 
alcohol, or other liquid. Gelatin filnvs may be clearxed by laying one surface down on a 
clean sheet of paper plac'.ed on a hard flat surface and rubbing the upper surface with a 
soft material, such as ttaiinel or preferably lens tissue. The surfaces of gelatin film 
scratch very easily, and there is, therefore, a limit to the amount of cleaning yvhich 
may be done by this method. Should it be necessary to cut gelatin film, the film 
should be protected by placing it between two sheets of thin paper, and the three 
thicknesses should be cut simultaneously with sharp scissors or a sharp edge sxrch as a 
razor blade. If dull scissors are used, the gelatin may chip and flake, especially if it is 
brittle from age. 

Mounting of Filters.—Filters can be used in several positions on the camera, the 
position determining the method of mounting. They may be xised before the lens, 
behind the lens, or iinmediatedy in front of the film. Although filters of mediocre 
quality can be vised if placed in this last position, this form of mounting has the dis¬ 
advantages of rcviuiring a filtvu' as largvi as the film on which the latent image is 
formed, and defects in th(! surface of the filter or specks of dust on its surface show up 
on the negative, ^filters Ixdiirul the lens do not have these disadvantages but are 
inaooe8.sibl(i. Hv'fon^-the-lens filters are accessible for (diange and need be only slightly 
larger than the lens harrvd diametv^r. This form of mounting is almost universally 
used at the prcwvuit tim(\ 

The position of th(^ filtvu- affv'cts the focusing of the lens on the film, and this fact 
must b<! tnkvMi into consideration where sharp negatives are reciuired. If the filter is 
placed before th<^ lens, t he plane of sharp iVxuis will l)e slightly moved back from wheni 
it is without the filter. For many east's, such as landscape photography, this change, 
in focais is not imixortaiit, (^specially if the filter is vv'iy tliin, as a. gv'latin film. But 
where the Hliar[)(‘st irnagt'S art^ nHiiiin'd, as in (Copying liin^ drawings, focusing should 
be done witli ( lie filtt’r in i)la(*e. Siinai filt<u-s always cut down the a,mount of light and 
since it is oftvm difficult, to focus with <!oI<>r<al light, the ust^ of “dummy” filters is 
freqiumily resortv'd to. Dummy filtt'rs have no aixprecinble H(dective absorption, but 
alter th<^ image rays through thc! (autuu-a. in t he same way the usual lilt(vr dov^s. There,- 
fore fotaising <ain be dotu* with su<di a. dummy with easv^, and the dvisirod filter can 
reiplace it wIhui tlu^ jxliotograph is Ixdng ma,de. 

Wlum the filtv'r is placed on the bnvdc eoml)inntion of the: lens, the fxlanv^ of sharp 
focus wit.h t li(^ fill ta* in |)ln(a^ is movcal forwjxrd by about onwf hird the t.hicdcness of tliv' 
filter, so that foeusing must Ix^ done with t.lu^ filtva- in placca If the: filter is phux'vl 
iiiuiKHlialvdy in front, of tln^ photogratxliie plate, th<^ shift in focais will bo negligibh^ 
when a, gv'lat.in film is used. But if a thick glass or e('m<'tit(Hl liltv'r is us<xl in a. holdv'r 
In front of the pla,t(', I lu^ Ix'llows v^xt.ension must. Ix^ shortvaH'd by th<^ thivikiu^ss of thc' 
filter. If tills is not. doru', trlx* iinagv^ will be propv'vly in fvxuts on tlu^ tiltvu’ and not on 
(he jxhotogniphie plat.e. 

I''il(.<a's may be mountv'd on the ca,ni(^ra lens in two gvuua’a,! mvd.hods. A v<Ty 
e.onvcnient way, (^specially for the ainatv’ur photograph(>r having a sinall number of 
filtvirs of th(^ sanu' size, is to havvi th<i filtva-H mountvxl in (drevdar metal cells which slip 
t)n the canHU’a lens. However, when a filter is to be used with several len.se.s of differ¬ 
ent size, if, is usually more satisftxctory fo use square filter plates and to support thesv^ 
in a fnimv^ or holder fitl.ing over, or held just in front of, the lens. Circidnr cells, as 
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well as other filter holders, should be designed to hold the filters against the It‘n« 
securely but without pressure. 

Cementing Filters. —It is impossible for the average photographer having no opt ical 
measuring devices and but little technical knowledge of the design of optical parts U> 
construct high-quality filters for photographic purposes; such filters had Ix'st ho 
purchased. Certain instances do arise, however (for instance, that in which a filter 
is to be used in the path of a beam of dispersed light, as in photomicrography), wh(*n^ 
the optical quality of the filter is secondary to its spectral-transinisBion (diariudor- 
istics, and for such cases cemented filters can be made which will answer tins piirposo 
satisfactorily. 

Such cemented filters use, as their main optical apparatus, the gelatin films, KU«‘h 
as are available from the Eastman Kodak Co. and known as Wratt<xi gtdatin films;. 


These are available in about a hundred different speotral-transmission eharaot(»rist,ie« 
and densities and will be an adequate selection for almost any pliotographic pur;K>»e, 
It is also essential that good-quality cover plates be used. Plate glass of sehad-cHl 
quality, free from striae, bubbles, or other defects, is generally ustul for protecting tho! 
gelatin film. Glass which, when viewed along the edges with white-light illuminat ion, 
has green color is not suitable for good-quality filters, as this glass has apprcxiiahle 
absorption at both ends of the visible spectrum. Noririal white glass (as distin¬ 
guished from glass which is made to appear white by adding dtu;olori/,(n'.s) should he 
used, as the decolorizers merely introduce additional absorption in tlu^ gnum portion 
of the spectrum, thereby making the entire glass approximately inuitml. (ilass 
which has been made white by the addition of docoloriz<u’s might he used, but tlio 
efficiency of the filter and the filter exposure factor will be affeetcHl. 


Canada balsam is the inost common cement for optical parts. 'Phis is a inixitire of 
turpentine and resins and is used in its natural condition, t'anada halsani is a t hiek, 
vzseous, yellow fluid, having much the appearance of honey. A good grade of filU'red 
balsam will be required for cementing optical jjarts. 

All cementing operations should be carried out in a dust-fnx^ room. The Wratteu 
gelatin film will be found to be clean when purchased, hut tlu> glass which slioidd 

be the same size as the gelatin film or slightly largiu-, should he thoroughlv <'leHiu‘d l»y 
washing in potassium permanganate to rid tluun of greas(‘ and ( lien wns'hing in vUwx 
hot water. The plates may be dried by evaporation or may lie drii'd with a soft, 
cloth if care IS taken to remove all lint before heginniug the eemeiding o{)eration. 

Ihe Canada balsam may be used at ordinary temperature's; it may also Ix' thimieel 
by adding turpentine or alcohol. However, a much more satisfactory metlxxl is to 

addition of other ingredients, thinning tlx^ cement, by 

cWW^t thi.nnxl Mufli- 

Dlates^bv^ ^ application of heat, a drop is placed in the ee'uler of one of (h(' glass 

cement Thr^r ^ ^" 1 ? ? ’ the gelatin film is placed on (cq) of (his spot of 

left between it flattened down, making sure^ that no huhhh's nre 

of cmnent t fhl 1 1 ^ if pn.teet,<'d by h'l.s tissue: A drop 

cemeiiLo lLt fi ^re exchuh'd. It is important to us,' Hutlie-i.'nt 

operlVoirsatL^^^^^^ t'' " nixpio and skill ar,' n'quir.'.I to perform t hese 

hCnVr > ••<‘''^ults cannot Im oht,aim'd consist,' it ly t Ixme i*. 

WH undertaken. 

probabl^y be'a dTciVed tenlonry'^fortb^^^^^^^ f«KC'ther. 'Phere will 

be counteracted by holding the edges in plVe^indVindinrV^ruZle^^ 
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tin-glass with thread. After being bound in this manner, the filter is set away, under 
pressure, to dry at ordinary temperatures for about 2 weeks. When the filter is 
thoroughly dry, the pressure and then the thread are removed. Any Canada balsam 
which may have hardened on the surface of the plates can be removed by rubbing the 
surface of the plates with a cloth dampened with alcohol, but no alcohol must be 
allowed to get at the cemented edges. The edges of the filter should be protected to 
prevent the entry of liquids which might injure the cemented joint. 

FILTERS IN PHOTOGRAPHY 

In selecting filters for photographic use, several factors should be considered. 
Among these ai'e; (1) optical excellence required, (2) spectral sensitivity of the film 
used, (3) distribution of spectral energy in illuminant, (4) effect desired in the finished 
photograph, (5) service for which filter is to be used, and (6) cost. The first and fifth 
of these items will determine, to a very large extent, the cost of the filter. For com¬ 
mercial work where the filter must be of the highest grade and where it will probably 
be used frequently, the matter of cost is relatively unimporl-,ant, and a glass or 
cemented gelatin filter of tlae highest optical quality will be required. For practically 
all amateur work, a good-quality glass or cemented gelatin filter will be quite satis¬ 
factory. For experimental or temporary work, or where the filter is used infrequently, 
the plain tineemented gelatin often meets the optical requirements quite well, although 
structurally gelatins leave much to be desired. 

As has already been mentioned, the over-all characteristics of the photographic 
image will depend, in its tone or color value, upon the spcictral characteristics of the 
film, the light sounm, and the fiK.ers, and proper consideration must l)e given to these 
fac.tors when selecting filtcu's for a given purpose. For example, when reproducing 
colors in their correct monochromatic tonal vaUie, a yellow filter for orthochrornatic 
and a green filter for panchromatic films will usually prove to be as good a selection as 
a.Tiy for most common light sourcuis. On the othtm hn.nd, for certain tyi)eH of color 
film exposed by light from incandescent lamps, a photoitudu-ic bluish filter is recpiired. 
J<\)r other types of work and for special effects, siudi si)ecializ;(Hl l)ookI(d,s a.s “Photog¬ 
raphy of Clolored Obje<*.ts” and “Wratten Light Filters,” piil)lished by Kastman 
Kodak Co., should be consulted, (^spe(un.lly with respect to the spectral-transmission 
cha.ra(d;eriKti<%s of cornuH^nnally available filters. 

Classification of Photographic Filters.—Whihi it is not [)OHKibl<'! to (^ovor in detail 
( 1 h^ use and application of tlu^ several lumdnsd filters cornmeiadally available, thoH<i 
filtens which hav(^ photographic^ importances may bo dividcsd, acscsording to tlusir spe(;- 
tral-tra.nsniission (sharacteristic.s, into several wcsll-defined groups. 'Ihe filt<'rH falling 
into any singU; group perform tlu; Harms general fumsfion, tire various groups repns- 
s(sni,ing difbsrrmt functional attributr's. Thesrs gronjrs may Ixs <sla,ssifi(sd as follows: 

CUrinpcruHaiion or Kqualizing Filters. —Thesse filtc'rs irrovichs partial absorption in 
parts of tins visibhs and near-visible speef.rmn for tins jmrposrs of providing a rsertain 
fsompesnsation or orpializa t ion of all csolors in thc'ir effcHst on tins photograf)hi<s film. 
H(s(n.use most irhotographics matm-ials liave f hrsir greatrsst srmsitivity in the rdtraviolet 
and blurs (nd rrf thrs visiblrs s|)ecl.runi, eomptMisation filtrsrs oftrm bavrs thrsir grrsatest 
absoi'ption in (,his rrsgion. Most yrsllow filtrsrs fr>r black-and-white phrrtrrgraphy are 
rsrsmptsnsalh)!!, (Mjualizing, rrr (srsrrr'ction filtr'rs. 

(U>ntr(iKt Fillera. —Ckmtrast filtrsrs jjrrrvidrs virl.ually r-r)inplct(' absorplirsn frsr rsertain 
rsr)lors in thrs rrbjrsct btsing phr)tr)gra,ph(srl. 

Selective or Sepdrnlion FilUre. —Ht'lr'cstivrs t)r srsparalirui filtrsrs, in inrlirect rsolrsr 
pht)t.r)gi'aphy using rsolrsr-srsjsaration films rsr nr'gativt's, art* userl to drscomposts the 
s'isiblrs sisrsctnim into thrs thrrsrs rMslrsrs (thrs primary rrsl, grram, and blurs rsr their rsom- 
plrsnusutary rsrslors) for making the three seisaration or partial images. 
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Monochromatic Filters .—Monochromatic filters transmit only a narrow band of 
wavelengths, completely or nearly completely absorbing the remainder. Conse¬ 
quently, when viewed by transmitted light, they usually appear as a pure color. 
Monochromatic filters are used in scientific photography (especially in spectroscopic 
photography) but ordinarily are not used in general photography. 

Safe Lights .—^Light filters used for darkroom illumination are known as safe lights- 
A characteristic of safe-light filters is that they provide total or large absorption for 
that portion of the spectrum for which the photosensitive material being processed is 
sensitive, transmitting the rest of the spectrum for the darkroom illumination- For 
panchromatic materials (which are sensitive to practically all the visible spectrum), 
the best compromise is to use a safe-light filter transmitting radiations at the green 
portion of the spectrum. Of course, the green light transmitted by such a safe light 
will affect the panchromatic film, since it is sensitive to green light. The advantage 
of using this green filter is that the eye is most sensitive to green light when the 
luminous intensity is low, so that for a given visual effect less light can be used if it is 
green than if it is of some other color. 

It will be noted that the classification given above is based upon the shape of the 
spectral-transmission curve with reference to the material or purpose for which the 
filter is to be used. This is quite logical, for it is the spectral transmission as given 
by the shape of this curve which is of primary importance in the use and application of 
a filter. There are, of course, other methods of classifying filttus, as, for instance, 
according to their apparent color when white light is transmittcMl througli them or 
according to their use, based on their position in the optical ciremit (c.^., as taking 
filters and safe lights) rather than in their function as vai’ying the spectral-energy 
distribution. 

Compensation or Equali 2 ing Filters.—Perhaps the most cx)mmon types of filters in 
photographic work are those filters which are intended to alter tlu'; spectral-energy 
distribution of the light source in such a manner as to give a, moiuxdirome print (in 
black-and-white photography) in which the various shades in the j>rint are propor¬ 
tional to the visible luminous effect produced by tlu; colortul original iinagt'. To 
accomplish this effect, it is necessary that the brightness of the colors in the original 
image be reproduced in accordance with their effect on the human eye, as indicatcul in 
the standard visibility curve. 

It is evident that only panchromatic materials can give r(^sults in which the black, 
gray, and white tones arc accurately proportional to the visit)ility of the original 
subject; other types of film emulsions are deficient in their sensitivity at. t.h<‘ red, 
orange, or yellow parts of the spectrum, so that these colors arc tauuhu-CHl too dark iiv 
the final print. 

Certain green filters (such as the Wratten XI and X2) are c.om pen sating filt<>rH 
intended to provide as accurate tone correction as is possible in inonocdiroiru' pliotog- 
raphy. Yellow filters, such as the Kl or K2, are also cornpemsation filt('rs which 
provide an approximation to proper tone valiuis, when \is(j(l wit.h orthochroinatic 
types of materials, by cutting down the effective sensitivity of th(^ film to the; blue; <md 
of the spectrum. 

Other examples of compensation filters are those used in photoiiHd.rie. work. 
VYith the greater general use of color films, such photometric filters are also sonHd.iincs 
recommended to enable a film intended for use with otie type of light source, e.g.^ 
mean noon sunlight, to be used with another type of light source (smdi as incuin— 
descent electric lamps). 

Contrast Filters. If two colors which produce very nearly the same luminouH 
effect to the eye are photographed on a panchronxatic negative and a black-and-whit<‘ 
print is made, it will be found that these colors have nearly the same tone value. 
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While these colors were easily disting\iished in the original because of their differeiuie 
in predominant wavelength, the result in the final print is unsatisfactory because, 
since we cannot reproduce in color, we must depend simply on shades of gray to 
indicate proper tone values. To indicate the difference in color which we see in the 
original, it is necessary to produce a contrast between these two colors in the black- 
and-white print. When this is done, the accurate tone rendition of the original image, 
as evaluated by the visibility cxirve of the human eye, is, of course, destroyed, but the 
f'ffect obtained is usually much more desirable, notwithstanding. 

To produce monochrome contrast between colors, it is necessary to photograph 
che image so that one of the colors will produce a darker print (or lighter negative) 
than the other. When it becomes necessary to make use of that form of distortion 
known as increasing the color contrast, it is usually customary to reproduce tlu' red 
and orange colors lighter than the corresponding green and blue colors of the saioe 
visibility. To accomplish this contrast in photography, we may make use of the 
practical rule which states that to photograph a color in black and white so that tlu^ 
print of it appears lighter than the original image, a filter should be used which is of 
the same color as the image. Conversely, to reproduce a color in the final print 
darker than it appears in the original, use a filter complementary to that color. The 
filter should absorb light of the color to be rendered dark. 

The following table will give an idea of the colors of the filters which may 1)0 used 
to render certain colors lighter or darker. For purposes of illustration Wratten 
filters suitable for the purpose are also listed. 


Tabue I.— Filters eor Productno Colors ImiiiTER or DAitKBR 



d’o ren<ler 

aubject 

To retwifu* Hub.i(‘el 


lightesr, 

ibse 

darker, 

UHe 

Color of 

—. . 

-.—.. 


. 


Color 

RKainphd 

C^olor 

Mxnini )I(d 

Red. 

Red 

29, 25, 15 

Blu(^ 

X 

i> 

Orange. 

Orange 

15, 25 

Hlu(^ 

47 

Y ellow. 

Yf^low 

15, 25 

Indigo hliic^ 

47 

Y ellow-greeri. 

Y <illow-gre(ui 

1 1 

Vinic't 

85, 8(i 

Green. 

G rtutn 

58. 15. Id 

Red 

27, 25 

Blue-green. 

Blue-gr(H>>n 

47, 58 

Rt'd-ornuge 

29, 25 

Blue. 

Blue 

47 

(>i'jmge~y(‘! low 

29, 25 

Purple... 

Purple 

47 

O r(‘(Ui 

58 

Magenta; pink. 

Magenta 

29, 25 

CJ t (‘(Ml 

58 


1 NurnberH refer to Wration filteiH. 


As examples of the use of (T)ntrast filt(‘rs may he menl ioned the use of a red filter 
(Wratten No. 25 or No. 29) for i)hotograpliing blue prints, which wil.liout such a lilti'r 
would give a gray arid white ro.sult hi<d<ing in delrul and (*.ontra,sf . 'Thc! umI Wrat li'ii 
No. 25 filter also finds application in photographing furnif.ure wh(‘r<^ if. is (h‘sirahl<' to 
show the wood grain; the Wrattim No. 15 filt< r is also useful in 1 his applica I ion. 

Selective or Separation Filters.—Tn accorilainu) with (he th(a)ri()S of VVunsch, 
Young, and Helmholtz and first (U'lnonstraf.ed liy Maxwadl, I hr(>o-(*ol(»r pholugraphy is 
based upon the fact that a coloreil image may be (unisl rue(cd by superimposing in 
register three partial (or separation) images, each of which i.s colored oni' of (he (hri'e 
primary colors, i-cd, green, and blue. 'The partial iniagi's an- made by .s))li((i:ig (ho 
color of the original image into three groups of primary colors liy means of (illi-rs. 
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Two methods of three-color photography are possible, and both are in common use: 
the additive process and the subtractive process. 

In both processes the purpose of the taking filters is to split up the light reflected 
by the colored image into the three-component primary colors. If the final (!olor 
print or transparency is to be an accurate reproduction of the original colored image, 
any filters suitable for making the partial-image negatives must fid fill (H'rtain requir(>- 
ments, both as regards optical requirements and spectral characteristics. 

Optically, the three separation filters which are to be used together for color- 
separation photography must be accurately surfaced and polished and for the highest 
quality work must be matched as a set. This requirement is essential to insure that 
the partial negatives are all exactly the same size, so that they will permit trans¬ 
parencies or prints to be made which will register accurately when superimposed upon 
one another in the final result. If precise color-separation work is to be uiuh'rtaken, 
it is probably desirable to purchase the separation filters as a set rather than to pur¬ 
chase the filters separately and individually at various times. Unless experimental 


work is in progress, it is unwise to use tricolor separation filters tog(“ith(U’ whii^h are 
not recommended by the manufacturer to be used as a compk'to set. It is also 
desirable that all three filters in a tricolor filter set be of the same manufaidurii unless 
the user is sufficiently conversant with color-separation work as to l)(^ willing to 
accept the risk and expense of mistaken judgment. 

The spectral-transmission curves for separation filters for three-color photography 
should have low and uniform absorption in the transmission range, (V)niplct(' absorp¬ 
tion outside the transmission range, and cutoff characteristics as sharp mid abrupt 
as possible. The spectral-transmission characteristics of the tliri'c filters sliould 
overlap only slightly or not at all; the spectral characteristics of sonn^ filter sids ren-om- 
mended for color-separation work show definite gaps in whicli certain vvav'eh'ngths 
in the visible spectrum are not transmitted by any of the thrive filti'i's. 

By making the absorption low in the transmission region, tli<' (‘xiiosnrc factor 
for the filters will be reduced to a minimum. Uniform ab.sorption in t he t ransmission 
region assures that no discrimination will be given to any of th(' srxMd ral colors passed 
by the filter. Tricolor filters should have abrupt mitoff characteristics to assure 
that the color of the final result will be as nearly as possil)l(! itul('p(md(mt of th<‘ abso¬ 
lute exposure, although depending upon the relative (‘xposuio tlirough the' thr.'e tri¬ 
color filters. The matter can be comprehended more (diiarly by r(>f(‘r('nc(‘ to h’ig. 7. 

Assume that a set of ideal tricolor taking filters have si)(H;trai-tra,nstnission (duirac- 
teristics as shown in Fig. 7A. The blue filter will then pass wav('Icngt bs b(«tw<'cn 4(M) 
and 500 mg without absorption but will be cornpleti'Iy absorbing for wavi'lengths 
^side this region Similarly, let the transmission rangi^ for tlu' gromi filler lie from 
500 to 600 m^t and that for the Wue filter be from 600 to 700 m/^. dduui ni'galivi'H 
made through the use of these ideal taking filters will show tlui t.lne<> prirnarv colors 
sharply differentiated, each primary color being passiul by its corresponding taking 
filter, and only by this filter. 


If instead of the theoretically ideal taking filters of Fig. 7A , we Iia ve a set of tri- 
color ftiters as shown in Kg. 7B, the situation is quite .lim-rent. in il„. Initer eus,. 

hghtfromtAeooloredimagcisnotsplitintothronwell-<lefin,.<Iprin„u-.v,.„l„,». l(,.,:uu«e 

T characteristics, any one filter u.ay tmusniil. nu.re ll.an 

^hTe ttecc fih -’‘Ite-un.s through 

Bum! ' «“» ■■"lativc exposure fuetors of the 1.1,reo 

D^tal'rv eM ° Kriteary eelors outei.le its own 

or one definite exposure; for other exposures of the partial uegutivc-s tlu. (idelil.v lif 
.0 or reproduction in the final result will be inaccurate even thcugli tlic'pro).er relative 
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relation between exposure and filter exposure factors is maintained. In other words 
with filters having transmission curves such as shown in Fig, SB, the color of the final 
result depends, not only upon the proper relative exposures and filter exposure factors, 
but also upon the absolute exposures given to the three partial negatives. The 
difficulties of obtaining satisfactory practical results are considerably greater in the 
latter case than in the former. 

One point concerning sharp cutting filters should be noted in passing. Ideal 
filter's, such as are indicated in Fig. 7A, fail to distinguish between monochromatic 
hues lying within the transmission band of a given filter. If, for example, we had two 
monochromatic sources of equal energy, one at 420 m/x and the other at 480 m^i, both 
would 1)0 passed ecpially well by the tricolor blue filter, and, if the photosensitive 
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nia(.<‘rial were e(|ually sensit ive to radiations of 420 and 480 nm, it would l)e impossihh' 
to <lis(,itiguish Ixdwcu'ti these t.wt> monochromatic (tolors in the final color picture, 
'riiis <a)ndition is seldom of a[)i)reein.l)le practical iini)ortane.o in photography because* 
no colors in dy(*s or ))igments with which we <leal are purc'ly monochromatic; pure 
inoiKxdiromatic colors are seldom obtaiiu*d, and then usually with inconvenience or 
(liffie.ulty. Another, hut less important reason why this state of affairs is not of miudi 
pnieti<‘a,l concern is that practical ta,king filters do not approach the ideal character¬ 
istics of Fig. 7A very closely. 

Monochromatic Filters.—''.rhese are sharp cutting filters which are usually used 
with gaseous-discharge luminous sources. The transmission band of these filters is 
usually sharp so that, when used with certain gas-discharge devices producing a 
diseontinuous spectrum, certain desired lines will he transmitted, whereas other lines 
will be absorlxHl. Huch monochromatic filters are not of importance for general 
photographic work but arc useful in (U'rtaiii scientilic applications of photography, 
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Sometimes sharp-cutting monochromatic filters are employed to indicate by visual 
examination the tone reproduction which will occur in black-and-w'hite photography. 
For this application, the filter must be sufficiently sharp so that colors in the original 
subject are practically indistinguishable. The transmission region may lie anywhere 
in the visible spectrum, although there is some advantage in putting it near the yellow, 
where the eye is most sensitive. The Wratten No. 90 viewing filter is intended lor 
this use, and while it is possible to distinguish between reds and greens, these colors 
are so dulled as to give sensibly a yellow visual image of varying luminosity. 

Safe Lights.—Optical requirements on safe lights are practically nil except that the 
safe-light filter should transmit as much of the visible spectrum as possible, i)rovidcd 
the photographic sensitive material is not sensitive to radiations of these wavelengths. 
In practice, the manufacturer of photographic materials usually specifies thti type of 
filter and gives some indication as to the intensity of illumination which can be used 
with the various types of film and paper emulsions. 

■ Filters for Commercial Work.—Where commercial work is being done, the sehuvt ion 
of filters should be that which will provide maximum utility and flexil)ility with a 
minimum investment. Practically all subjects encountered in commercial photog¬ 
raphy can be treated adequately with modern photosensitive materials with less than 
a dozen filters. Those filters which have been found to be most useful ar(5 the Wratten 
(or equivalent) Kl, K2, XI, X2, F, G, E, A, B, and C5, or Nos. 6, 8, 11, 13, 29, 15, 
23, 25, 58, and 47, respectively. For those who do not (iare to obtain a full s(d. of 
photographic filters, the A, G, and K2 filters will prol)al)ly prov(; most satisfactory 
for general work. 

The Kl filter is a light-yellow filter which gives some color corre(q.ion wit h orl ho- 
chrornatic materials without increasing the exposure time unduly. It. is useful where 
some color correction must be obtained with the least increase in (^xpoHur(' time. 
The K2 is a stronger yellow filter and gives bettor corrctction but recpiinw n longer 
<^xposure than the Kl. Like the Kl, the K2 filter is intended for use with ort luxihro- 
matic materials. 

The Xl gives correction with panchromatic materials when usetl with daylight 
whereas the X2 is suitable for panchromatic materials us<mI wit h inciindesccmt luinino\i.s 
sources. They are not recommended for ortho(diromal.ic mntcu'inls. 

The F is a strong red filter for contrast work, (copying l)huq)rints, scn'«'t\-plnt 
analysis, or for haze cutting or infrartnl photography. 

The G filtcn- is a strong yellow-orange filter with sharji eutolT for contrast work, 
strong accentuation of clouds, telephotogra.phy, furnitun>, copying yellow fadc'd 
matt(w, and genc'ral hmdscaifx^ j)hotogra[)hy. 

The K filter is a general contrast nnl filter. 

The A, B, and C\5 are used in color-reprodiudion work, ddx' A is a n'd, tlu' H a 
green, and the 05 a blue-violet filter. 

The spectral-transmission characteristics of tluwe aiid otluu- filt<‘rs are shown iii 
"Wratten Light Filters," published by the Eastman Kodak (to. 

Filter Characteristics Summarized.—In this ehaph'r we hav(^ discuss<Ml soim^ of tlie 
nu)re important e.harac.toristic^s oi filters and hav<^ itumtiomal soim* of (he um(>.m of vari¬ 
ous kinds of filt(!rs. Ctonsiderably more might (easily h(' writt«'n conca'niing t he uHes, 
and pai'ti(!ularly the artistif*, uses, ol light filtfws in photography. Hu(, t,h(‘r<' are many 
artie.les availabh^ in the literatnre c)7i this ST.d)j(^e1., and, wlu'rc! art ist ie (•onHid(‘ra I ions ar(“ 
involved, it is impossible for a tcadinical reference book to he of tmicb value. 

A table of filter factors for various makes of emulsions and filters will Ix' found in 
Appendix D. While every effort has been imuh^ to make t his list as acaairatii an pos¬ 
sible, such a listing (!an be taken only as a guide. The results given in AppcMxlix D 
are to be used with proper judgment of the factors already ('numerabul in this chapter. 
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CHAPTER XI 


DEVELOPERS AND THEORY OF DEVELOPMENT 

Bt D. R. White ajstd J. R. Weber 

The development of the latent photographic image in a neceanary Jiiul important 
step in current practical photography. The origin of photograpliy }i.nt(Hlat(^H the 
knowledge of developers and processes of development, but the original inetliodH have 
been practically completely supplanted by procedures using development as a step on 
account of the greatly increased photographic efficiency so obtained. A fesw photo¬ 
graphic materials are still used without developers, notably printing-out i)ai)ers, 
which, as their name suggests, are exposed until the image is visibles 'The r(‘actions 
involved are directly induced by the action of the exposing light. CJreater photo¬ 
graphic efficiency results, in general, from smaller exposures, designed to produce 
only a latent image, itself invisible, with subsequent dcwc^loprjuvnt and fixation to 
transform it into a permanent visible image. 

There has been much speculation concerning the nature of the latent image, but 
experimental work to determine its nature is very diHicult, and no th(H)ry y<d. adv'niuMul 
has secured unopposed acceptance. Study of development has luid to i>roee(‘d in 
spite of this lack of knowledge of the latent image d(vv(doped. Mindi (>mi)irical 
data have been obtained and some theoretical relationships hav(’i r('sult<‘d from ycuirs 
of experimental work devoted to this study. 

Two classes of procedures have resulted and are recognizcid uiuh^r tlu^ nam(*s 
“chemical” and “physical” development. Th(i final ima,g(vs prodiuual nr<^ not 
chemically distinguishable, but the course followed is primarily difT('r<mt in t lu' source 
of the silver finally deposited as the image. In cluutiicud (l(':V(d<){)ment, llu^ more 
important method, the silver halide of the emulsion sup[)li(\s the silvtu- for the final 
image. This is probably through an initial solution of the halid(‘ by lh(‘ devudoping 
solution, followed at once by reduction and deposit of the silvern on nucleuses forming 
the latent image. In physical development, the d<weloi)ing solution its(‘lf contains a 
soluble silver salt which deposits or plates out, as rediKuuI by tlm d(‘V(‘loping ag(Mit, 
with the nucleuses from the latent image guiding the hxaition and magnitude of the 
deposit. This type of development can be carric'd on ('v<‘n after fixatif)n, t hough it is 
quite obvious that chemical development is impossible t.h<m. 

With either type of development, the fundamental problem is to obtain a difT<‘ren- 
tial deposit of silver in such manner that at (uicdi point it is at h'ast a.pproximat«‘Iv 
])roportional to the intensity of the latent iitiagx' at that point. If this vv(‘re a«-hi(^v«>(i, 
there would be no deposit where there had been no <‘xposur(^. In praetic<« this clear- 
cut case is not attained, as there is in g<meral an over-all veil or fog not accounted for 
by the exposure given. Developers differ much in tlieir difhnxmlini action. Only 
those developing agents and formulas are of general importanc<! which a,r<‘ capabhi ()f 
a high degree of discrimination in their aetiom 

In addition to the basic role of developnuait just discusscHl, i.e., the productit)n of a 
visible image from the latent image, developing solutions are Honn'tiriK^H uh<m1 which 
pioduc'c other effects at the same time. I^or som<i purposes it is desirixl to hard(*ii 
the gelatin of the emulsion locally where the silver is deposited. This has f)eeu 
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aceompliHlied commercially l)y the use of pyro developers with little or no sulphite. 
The resulting differentially hardened, gelatin layers have been used for various pur¬ 
poses, probably the most important of which is the production of relief images used as 
matrices for printing by dye-imbibition processes. A second supplementary effect 
sometimes soxight and of growing importance is the deposit of a colored compound 
along with the silver image. Special developer formulas are in general required, but 
the resulting silver and dye images can be used for many purposes, and such dye 
images, with the silver removed, are of rapidly hicreasing importance in the processes 
of color photography. 


CHEMICAL DEVELOPMENT 

Inorganic Developers.-^ —The history of photographic development has shown the 
(ise of a few inorganic chemical agents as develop(!rs. Prior to, and for a ninnber of 
years after, 1851, ferrous oxalate was the common developer. This developer was 
prepared at the time of use, by adding one part of a 25 per cent solution of ferrous 
sulphate to throe jiarts of a 25 per cent solution of neutral potassium oxalate, with 
constant stirring. The reddish mixture produced can be used without bromide as a 
(hsveloper. 

Other inorganic agents sxiggested as developers include solutions of sulphurous 
acid which develop weakly and produce much fog. Copper ammonia oxalate and 
M<Mlium, potassium, and hydrogen peroxides in alkaline solution have also been 
suggested. 

An (mergetic inorganic developer which works without much fog, unless develop¬ 
ment is prolonged, is sodium hydrosulphite. A developing fornmla using such an 
agent has V>een reciommended as follows: 

Hodiurn hydroaulphito. 20 g. 

Sodivun bisulphite. 30 g. 

PotasHiiiin bromide. ^ 

Water to. ^ 


Ihweloprnont time should not exceed 3 min. 

WhiU^ ferrous oxalate was still in use at the turn of thoi century, organic developing 
agents were fast replacing it, and today the \ise of inorganic compounds as photo¬ 
graphic developtus has practically disappeared. 

Developers with Organic Reducers.—KxiHirienc.c has haid to a very definite basic 
pattfu-n for chwt'loping fonnidas in (U)inmon use. Following this pattern, mod(n-n 

(hwelojx'rH consist of 

OrgJUiic: nuhicing ag<mt or agmits 
Pr(‘scrva.tiv<^ 


A(rc<>hn-Jit.()r 

Ht^strainen- ^ , c ^ ■ 

(’.oinpounds an^ also adchul for speeja,! purposes wliicdi do not fit m the four classi¬ 
fications giviMi, and at tinu's one compound functions in a dual role resulting m less 
eomriounds than tla^ four classics listed. Instances of lioth types of variation will 

apiiear in the suhseiiuent pagi^s. , , . . . 

Organic Reducing Agents.—Clhemic.ally speaking, all developing agtii iS aie 

reiiucerH i e , they are thmnselves readily oxidized and hence tend to reduce com- 
nounds with which tlx^ come in eontaet. Considered without complete analysis ot 
Iletail the development proc(‘ss takes into solution the halide from the original silver 
halidi’ and furnislu^s an (electron to the positively (diarged silver ion, resulting m the 
deposit of metallie^ silver. The riuictions in the solution- which permit and compledo 
the chain of clianges eventuate in the oxidation of the developing agent and tlie 
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accumulation of a halogen compound. Thus used developer contains oxidation 
products of the reducing agent and greater halide content than fresh solutions. 

Not all reducing agents are developers. Many such compounds lack the power to 
discriminate between exposed and unexposed silver halide and thus lack that prime 
requisite of a photographic developer—^the ability to transform a latent to a visible 
image. 

While considering differentiations of this type, the role of the gelatin or other 
carrier of the silver halide should be mentioned. Silver halide precipitated from 
aqueous solution can be reduced by ordinary developers, independent of light exposure 
of any kind. Thus the characteristics normally associated with the latcmt iniagc^ do 
pot control such r-eactions c/eii with reducers which are developing agents in tht‘ 
generally accepted sense of that term, ft appears, therefore, that the gelatin or other 
carrier of the silver halide is of basic importance and plays a cooperative rolc^ in pro¬ 
viding the conditions favorable to development of the latent image to a visible image, 
as distinct from indiscriminate reduction of the entire silver halide present. 

In many cases, this differential action is primarily a rate or time effcnd.. If per¬ 
mitted to act long enough, virtually all the silver halide will eventually be rtHliieed. 
Normal developing conditions are designed to avoid such effects, but even within Ihest' 
regions there is a marked difference between the rate of development of Ft)g ami 
density resulting from exposure. Commonly the increase of (ixposure dcmsity with 
time is less rapid as development progresses. On the other hand, it is cpiitc' gimerally 
true that fog builds up moi-c and more rapidly within (“orresponding limits of d<w(‘lop- 
ment times. 

From these considerations, the dev(!k)per appcsars in its true rohi as a difl'ertmtinl 
rcducier, acting preferentially to prodtuai a visible image from an original latent inmge 
Ixd'ore the entire pattern is lost in fog. 

In 1851 pyrogallol, or pyro, was discovtu-ed to be (ai,j)able of devc'loping llu' Inlcmt 
image. In 1880 the so(!ond organic compound to have (hwtdoping at-tion was dis- 
<a)vered in hydroquinone. From then on the developing action of a. larger tiumher of 
organic compounds has been recorded. 

Oenerally speaking, it was observed that i)hot</graphic developers vv(u-(% t.o a large' 
degree, the colorless or reduced forms of dyes or tlyc^ internualiatt^s. A coinpouiul 
which would oxidize thcs(i compounds to t heir colored state would itself be redu<-ed. 
Thus silver halide would oxidize pyrogallol to its yellow-brown oxidation product, ami 
tlu' silver halides would at the sanui time he reduceal to nudaillier silve-r. 

Almost without exea^ption up to very naamt tinu's, all organic pho(.ograi)hic 
developers have' contuiiual heii/aMie as the inuMeear strueturc. Tlui Hl ructurt! of benzene* 
is thought to he the ring 

H 

\ 

H- C C M 

H i <!1 H 

'" ci ■' 

I 

M 

whiesli is l■e^prese^ute(^ as 



fgr the sake of simplie-ity. 
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By removing some of the hydi'ogen adorns, chemical radicals and groups can be 
substituted into the benezene nucdeus. Thus phenol represents the substitution of 
one hydrogen in the ring by means of a hydroxyl (OH) group: 


OH 



Phenol 


This is also known as hydroxybeivzen(\ Aniline represents the sxd)stitution of an 
amino (NHd group in the ring forming: 


NHa 


Aminobcnzcnc 


All the organic dxiveloping agents in use today are dei-ivativcs of one of the above two 
basic! agents. 

The substitution of two hydrogen atoms by moans of the hydroxyl group produces 


OH 



OH 


1 ; 1-1 libydroxylainzeixe (hydro<]\iinon(>i) 


and (ih<! subslit-ution of three' hydrogem atoms of Ix'nzetH! by hydroxyl grouj) produces 


OH 




1 ;2; d-Trihydroxylx'n/ame fpyrogallol) 


'I'lie r(dadiv(! positioning of (he siihstitiieiit groups and the kind of substitu<!nt has 
a decided infhu'iicc' on (h<' n'lative ac’tivity of the agc'nt as a. photographic! devt'lopc'f. 
d'hus 

OH 



\y 


oil 


1 : H-l )ihy<lr<>xyl>(^n/j<MN' (rrHorriiiol) 


is wol ii (l(ivc^l()p(M*, wiiiU^ 


OH 



1 :2"* 1 )ih> (Iroxyhcuizciie (py rorjitcM-hol or riU.dcluri) 


is a.r) <l()V(*l<>p(M\ 

r)(‘V('lopi!ifi: )>el()n|z;in(2: to 1 <*ln.ss in \vlii(‘h t lir hydro^cMis ol* I loonzonf’i 

TUH'lous ha.VO by liydroxyl |>;r(>n])s a.ra^ known as polyplinnols.’^ 
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One or two chlorine or bromine groups may also be substituted in. the hydro- 
quinono structure, yielding 

OH 


iCL 


Chloroliydroquinonc (Adurol of Hauff) 


and 


OH 
Obi 


BR 


Bromohydroquinono (Adurol of Hchering) 


OH 


Another, and by far the largest, group of photographic developers are the "amino- 
phenols” formed by substituting both hydroxyl (OH) and arnino (NH 2 ) radicals into 
the benzene nucleus. The simplest and one of the oldest developers of this group is 

OH 


4-Aminophcnol (p-aminophenol) 


NH2 

Hince both hydrogens of the amino group and of the benzene nucleus of th(^ amino- 
j)henols may be hirther sul)stitutcd, a largo mmiber of derivatives of this basic member 
of the group are possible, thus 

OH 


p-Methy lainiiu){)henol 


NH—CHs 

is the base for metql which is usually sold in the forrji of sulphate salt. 

One of the hydrogens of the amino group of p-arninopluuiol' may b<^ substituted 
l)y the carboxymethyl group (—CH 2 COOH) with the production of 

' Ill organic chemistry the prefix letters o, m, and p, are used respectively for ortlio-, inrdii.-, and 
ria.ra- compounds. These prefixes iiulicate the position of the sub.stituted atoms. The numbers from 
1 to (), in clockwise rotation beginning at tlie top are also used to indicate the position of the suhKtitute 
at oiUH, groups, or side cliuiiis. Thus, when the substitution products of benzene have the siibs( il uen t. 
atoms, groups, or chains on adjacent carbon atoms, tliey are called “ortho-compounds,” and the 
substituent atoms, or groups are said to be in the ortho or 1:2 position. When the substil iient. atoms or 
group.s occupy the 1:3 position, the chain is called a “ mota-compound.” When, the substituent atoms 
or g’-oui)s occupy the 1:4 position, the chain is calhnl a “ iiara-compound.” The following rliugrarns 
gi ve till! names, structures, and positions of xylene which was eho,sen for illustrative purposes. 


O-Xylcnc 

CHs 

'6 


m-Xyl(‘ii(' 

ch; 


p-Xvlcnc 

CH, 


CH, 

6 2 


6 2 


X . y 

CH, 



CH, 


[5' 3j 
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p-Hydroxyphenyl acetie acid 


NH- 


-CH 2 COOH 


This developer is also known as p-hydroxyphenyl glycine, or shortened to “glycine.” 

Substitution of an arnino and a hydroxyl group, para to each, other, into benzyl 
alcohol or hydroxymethyl benzene, produces 

OH 


CH 2 OH 


^-Amino-o-hydroxybenzyl alcohol (Edinol) 


NHa 


By substituting a methyl group in the benzene nucleus, methyl benzene or toluene 
is formed: 

CHa 


Furthcir substitution by hydroxyl and aniino groups produces 

CHs 

1011 


NH: 


5-Amino-2-hydroxy toluene (p-amino-o-cresol) 


d'his ag<Mit is crcHlitc'd as Ixhng the Monomet developing agent and also as one of the 
original metols. 

'Phe substitution of a single aniino group in the benzene nucleus produces 


NH.. 


Aminobeiizene 


which i., not a ch-vclopcr. While the nuhnl.itution ,>f a accond 5'“" 

diaininolxuizene, in wbich, if tbe substituted annno groups are opposite (para) to each 
other, the now w(‘ll-known fine-grain devtiloping agent 

NH, 


1 :4~L)ianiinobenzciio (p-pbeiiylencdiainine) 


NH., 


is {irodiiced. If the aniino grou|)s an 
known fine-grain developer 


; locatcnl adjacent (ortho) to each other, the lesser 
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is not a developing agent, while 


OH 



OH 


1:5-Dihydroxy naphthalene 


is in the class of slow developing agents. 

To increase their solubility, the sulphonic ac.id grouj), H8O3 is introduced into the 
naphthalene structure. Thus 


NH2 

/\/SoH 


HSO 



l-Amino-2-naphthol-6-sulphonic a<ud 


is the well-known Eikonogen whose developing action is quite siniilar i.o pyrogallol 
while having the additional advantage of longer life than pyro. 

The introduction of two amino groups, in conjunction with a solubilizing sulphonic 
abid group, into the naphthalene ring produces 


NH2 


HO3S 



NH2 


1:4-NaphthHlone<Iiainine:-7-Hulphonic, acid 


whose developing action is somewhat similar to the analogous i)-phenyl<ui(‘dianune. 

When one —CH— group of naphthalene is replaced by nitrogen, (piinoline or its 
isomer, isoquinoline, is formed: 



Quinoline 





N 


Isoquinoline 


Further substitution of nu(rl(^ar liydrogens of fpiinolirui by hydroxyl or amino groups, 
or both, yields another class of photographic developing agents. Thus 


OH 



1:4-Dihydr<jxy isoquinoliiK' 


develops exposed silver halides to produce both metallic silver and th(^ hnico form of an 
orange-red dye which can be converted to the colored form l)y mild oxidizing agcmts. 
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The developing action of the tetrahydroquinolines has long been known. An 
exartiple of the earlier developers of this class is 


Ha 





OH H 


1,2,3,4-Tetrahydro-8-hydroxyquinoline 


while recently the amino derivativ<i 



H 


f)-Ainino-l,2,3,4-tetrahydroquinoline 


has been suggesU'd as a line-grain developing agent. 

Combinations of Developing Agents.—Various phenols, arninophenols and 
phenylenediainines have been combined to produce, for instance, 



OH 




OH 



A. 


4- 


A 







X/ 



OH 




NH-CHs 



|_ Motol liaso J 


2 


Metoquinono 
Lumi^re and Seyewetz 
F. P. 325,385, (1902) 
B. P. 7163 (1903) 


4'he combination of I mole of (dilorohydnxiuinono with 2 moles of the base of 
met.ol 


OH 


OH "1 

Cl 

4 „ 




OH 


1 NH CIH J 


i 


Lurniere and Jugla 
B. P. 1795 (1914) 


WHS known as ('lilorariol. 

Tlu' product resulting from (be (mmbinalion of 1 moh; (^a,ch of p-phenylenediainine 
liasf' and liydnapiinotK^ 



Hauff 

B. P. 11,30(5 (1896) 

Startups 

B. P. 466,626 


app(‘ar(‘d ns th(v devidoping ag(mt Hydraminc. 

Ib'cently tlu' combination of apparently pyrocatechol, 1 mole, and 1 mole of 
p-ph<'nyhmediamin(' bas(i 
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r OH NH2 



Hauff 

B. P. 11,306 (1896) 

Starnes 

B. P. 466,626 


has been introduced as the fine-grain developer Meritol. 

One of the most popular developing agents of this type is the combination of 1 mole 
of hydroquinone with 2 moles of the sulphate salt of o-aminophenol: 



OH 

_ 



OH 








NHCHa 




+ 



+ 

H 2 SO 4 


\/ 





2 


OH 





«- 


Hauff 

B. P. 27,931 
(1896) 


which is marketed as Ortol. 

Table I presents a number of the organic compounds which have been suggested as 
photographic developers. This list, while representative, is by no means eonipletc. 

While the tabulation indicates the large number of organic compounds which 
have at least been suggested as photographic developers, only a small perc*.entage of 
these have been commercialized to the point of being given a trade name. Of the 
two or three dozen different agents which have appeared at one time or another on 
the photographic market, less than a dozen different developing agents are in conunon 
use today. 

Of these agents which have remained in common use, it is interesting to note t hat 
two of them are the oldest of organic developers. 

Pyrogallol .—The developing action of 1 : 2 : 3 -trihydroxybenzene or pyrogallol 
(pyro), the oldest of organic developing agents, was observed in 1851 independently 
by V. Regnault and S. Archer. In its fresh state, it appears as a fine white (uystalline 
powder and is extremely light. Owing to its tendency to float in the air at th<i slight-est 
movement of air, the crystallized form is available which is more dense and e.auHCS less 
trouble in mixing than the older crystalline variety. T'he crystalline variety is also 
more stable against oxidation by the air. Pyro has a characteristic odor and is very 
soluble in alcohol, ether, water, and slightly soluble in warm Ix'nzene. The solubility 
in water and 10 per cent sodium sulphites solution, both at 15°C1., is about 56 per e('nt. 

Pyro is a soft working developer and, unless caustic hydroxides are used as the 
alkali, is slow acting. In addition to the metallic, silver image [)roduc(‘d by ch'vc'lo]^- 
ment with pyro, a secondary yellow-stain image comprising the oxidation products of 
pyro is produced in situ with the silver image. The (iombination of black silver with 
the yellow stain produces the brownish image; associated with pyro dev(dc>f)in<‘nt.. 
Owing to the presence of the blue-absorbing yellow-image portion, pyro iirmges are 
known to print somewhat more dense than they appear visually. Increasir\g t he con¬ 
centration of sulphite iiihil)its the formation of the stain image, and tin; <l(;v'(dop(Mi 
imago is neutral to blue-black in appearance. 

To reduce the time of development and increase contrast, both metol and hydro¬ 
quinone are used with pyro, particularly for deep tank work where the cornbina ti<jn of 
pyro with metol only is ofttimes adopted. The keeping qualities of pyro devtdopers 
are generally poor, being classed as 1 in which, to the same sca,le, metol is rated as 10 
or highest. Crystallized pyro has appeared under the trade name Piral. 

Hydroquinone .—In 1880, W. Abney discovered the developing action of the; s<;e<)nd 
oldest developer, hydroquinone, which is used to a greater extent than any of th<' ot h(;r 
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Tablh I.-—Okoaniu Compounds Sugghsted for Photographic Developmibint 


Compound 


Disc o verer 


Polyphenols 


I Vrogallol. 

Hydroquinone. 


i*yroeateohol.. . , . , 

(' h 1D r o h y cl r oc 111 i 11 oil e. 

r oni (>h y <1 r oc I u i 11 on e. 

2:3- Di (di i or o hy dr oq ui 11 one. 
2:3- D i b r oni o hy d roci u i n on a. 

'I'ol u hy d r oc 11 lin one. 

Ethyl gallate. 


von Regnault & S. Archer 
W. Abney (Eder, Aus. Hndhh., 1903, 
322) 

Eder <&: Toth, Phot- Kon\, 1880, 101 
Hauff, Phot. Korr., 1897, 396 
Schering, D.R.P. 117,798 
I Schering, D.R.P. 117,798 
Schering, D.R.P. 117,798 


^Ithyl gallate. Lurnidre <Sc Beyewetz, B.J. Phot.^ 1897, 

665 

1:4«l)ihydroxy-2«ac.6tophenon0. Lumi^r© & Beyewetz, B.J. Phot., 1897, 

665 

t :2:3-Trihyclraxy-4-acotoT)henone. Lumidre & Seyewetz, B.J. Phot., 1897, 

665 

I ;2:6“Trihvciroxy-4-binizc>phc^iiorie. Lumidre <fe Seyewetz, B.J. Phot., 1897, 

665 

2:3:4"^rrihvciroxy-ac!!©toplienorie... Lumi^re <& Seyewetz, B.J, Phot., 1897, 

665 

I : 2 *6”''l'rihVCiroxyi)h(*!nyl-*4-i)hcuiyl-ketone. . . t *. Euini^re & Seyewetz, B.J. Phot., 1897, 

665 

PyrogalloUdirnc^thylauiline. Bayer, B.P. 10,721 

Pyrogallol-pbieraziut^. Bayer, B.P. 10,721 

l>yr()galU>l-(iuinoIine. Baycu-, B.P. 10,721 

PyroeatcHdiol-cliincdhylamine. Bayer, B.P. 10,721 

Ilydrcxiuinoiuvtriaretouininc^. Bayer, B.P. 10,721 

I^vrngaUol-methylc'ther-monoKlycollic* acud. A.G.P.A., D.R.P. 155,508 

PyrogfillobciinH'thyletlHn'-inonoglyeolUc acad. A.G.K.A., D.R.P. 155,568 

P.vrogallob l-inonoinc'Lhyleather. Scthultc^s, U.b.P. 2.01/,295 

I ^vrogallnl-1 “inonocd hy led lier. Schultes, U.S.P. 2,017,295 

Moncdbvbpyrogallol. Stockelbach, U.B.P. 2 , 037,742 

Dicdhyl-pyrogallol.-. Stocdcelbach, U.B.P. 2 , 037,742 

Moao-tcadiury hutyl-pyrogullol. Btockelbach, U.B.P. 2 , 037,742 

2 :,VI)iinethyUhydroquinon<^. K. D. Behinzel, Da^ LichtUld, Au. 


21 )i(d hyUhydrcxiuiiionc^. 


*2 :5-l )ir>h<Miuxy-hydr(xiuinone. 


2:5"! >i"/>“I)b<aHd liybljydro( piincjiicu 


2 :r)-I )ib(.nz oy la rninc)-h yd rex lu'm one 


1 :3-l )iiiud h()xy”2~'plicnc>l. 


2:4 :(bTi iinel by b 1 :3 ;r)»4b‘iby <lroxy bcnizenc-!. . 


K. Ij. Behinzel, Dan Lichtbild, Aus. 
12/XI, 193(>, 173 

K. ■& E. Bellinzel, Baa Liichthild, Aus. 
12/XI, 1936, 173 

K. <& L. Behinzel, Das Lichtbild, Aus. 
12/XI, 1936, 173 

K. & \j. Behinzed, Das Lichtbild, Aus. 
12/XI, 1936, 173 

K. L. Behinzel, Das Lichtbild, Aus. 
12/XI, 1936, 173 

K. dc E. Behinzel, Das Lichtbild, Aus. 
12/XI, 1930, 173 

K. E. Bcshiiizel, Das Lichtbild, Aus. 
12/XE 1936, 173 


• 2 ;r.-I)iph,.^vl-:J:n...lil.,.M..vl-l>.vdrouuino,>o. Kodak-BoVun.el, B.l> 4ya809 

-:r>-l>ia<-,ot.uuiMC,-h.v<lr<.<,ui..on,. Kodak-Schuizel. B.I . 4<)8.8(.9 


1897 

1901 

1901 

1901 

1901 

1901 

1903 

1903 

1933 

1933 

1934 
11>34 
1934 


Aininophenols 


.. 

r,-A...iM<.-a-h.vdr.>xy toluene. A..< re«en 

... lesen 


Aadresen, Farben-Industrie, 1888, 
Aiiclrc^sen, B.P. 1,736 
Andresen, D.Xi.P. 60,174 
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Table I.—Organic Compounds Suggested for Photographic Development 

{Continued) 



1:3"Diamino»4:6-dihydroxybenzeae. 

4-Methylaminophenol.. . , . . 

4-Dimethylaminophenol. 

2- Amino-3-hydroxytoluene. 

3- Amino-2-hydroxy toluene. 

2-’Hydroxy-3'amino-l :4--dimethyl benzene. . . 
6-Methylamino-3"hydroxytoluene . 

4- HydroxyphenyI">amino-acetic acid. 

2-Hydroxyphenyl-amino-acetic acid. 

2- Methylami no-3-hydroxy toluene. 

3- Methylamino-2-hydroxytoliiene. 

3- Methylamino-2-hydroxyben2:oic acid. 

5- Amino-2-hydrDxybenzyl alcohol. 

4- Hydroxydiphenylamine. 

3:5-Diamino-2-hydroxy toluene. 

2-Aminophenol. 

2-M ethylaminophenol. 

5- Chloro-2-methylaminopheno]. 

4-Chloro-2-methylaminophenol. 

1- Hydroxy-4-phenylamino-acetamide. 

2- Hydroxy-3-amino-benzylamine. 

2-Benzyl-4-aminophenol. 

4:4'-Dihydroxydi phenyl amine. 

2:4:6-Trimethyl-3-aminopheiiol. 

4-Amiuocarvacrol. 

4-Tolu olsul ph onyJ ami nop hen ol. 

4-Hydroxyethylamino-l-phenol. 

2- H y d r o xy e t h y 1 a n 1 i n O" 1 -p h e n ol. 

3- Methyl“4-hydroxyethylamino-l-phenol., . . . 

2- C hi or D-4-hy d r oxy e t hy 1 a rn i 11 o-1 -ph en ol. 

4- Hydroxyethylamino-2anuno-l -i)henol. 

2-Dihydroxyethylainino-4amino-l-phenol.. . . 
4- Hyd r oxy ethyla mi n o-2-acetamin o- 1-phen ol. 
4-Plydroxy-N-ph en yl m ori >h t)li n e. 

2- Hydroxy-N-phenyl morr)holiue. 

3“Methyl-4-hydroxy-N-ph(uiyl morpholine. . . 

3- Methoxy-4-hydroxy-N--phenyl morpholine. 

3:4-Dihy(lroxy-N-r>henyl morpholine. 

3- Amino-4-hydroxy-N-phenyl morpholine. .. 

1:4-Phenyleiie dimorpholine. 

4- Hydroxy-N-pheTiyl pyrrole. 

4-Hydroxy-N-phenyl tetrahydro pyrrole. 

4-Ainino-N-phenyl morpholine. 

4-Amino-2-chlorophenol. 

4-Hydroxy-N-phenyl thjomori)holiiie. 

4-Hydroxy phenyl-4'-tolui< line. 

4-Hydroxyphenyl-2'-toliiidin0. 

4-Hydroxyphenyl-amisidine.. . . 

4- H y d r oxy ph e n y 1-p h e 11 t i d i u (!. 

4-Chloro-2-methylauiino-plieuol. 

6- Chl or 0-2-methyl a mi no-phenol. 


Andresen, D.R.P. 60,174 

Hauff, B,P. 15,434 

Hauff, B.P. 15,434 

Hauff, B.P. 15,434 

Hauff, B.P. 15,434 

Hauff, B.P. 15,434 

And resen, D.R.P. 60,174 

Bogisch, D.R.P. 75,505 

Hauff, B.P. 15,434 

Hauff, B.P. 15,434 

Hauff, B.P. 15,434 

Hauff, B.P. 15,434 

Hauff, B.P. 15,434 

Hauff, B.P. 20,690 

Hauff, D.R.P. 74,842 

Hauff, B.P. 27,931 

Hauff, B.P. 27,931 

Hauff, B.P. 27,931 

Hauff, B.P. 27,931 

A.G.F.A., B.P. 9,537 

Einthorn, D.R.P. 167,572 

Scheriug, h\P. 382,367 

Schering, F.P. 382,367 

Horn oik a, Phot, Korr., 1914, 256-8 

Labs, J, I fid. Eng. Ckern., 1919, 455—6 

Buchorer, D.R.P. 364,391 

Reddelein <fe Mttllor, U.B.P. 1,758,892 

Reddcdein Muller, IJ.S.P. 1,758,892 

Reddelein <fe MCiller, U.B.P. 1,799,568 

Reddelein Midler, IJ.S.P. 1,799,568 

Reddelein MOller, IJ.S.P. 1,853,455 

Reddelein <fe Mffller, IJ.S.]\ 1,853,455 

Reddelein Mhller, IJ.S.P. 1,853,455 

Reed, IJ.S.P. 1,937,844 

Reed, IJ.S.P. 1,937,844 

Reed, U.S.1\ 1,937,844 

Reed, IJ.S.P. 1,937,844 

Reed, U.S.P. 1,937.844 

Reed, IJ.S.P. 1,937,844 

Reed, U.S.P. 1,937,844 

Reed, IJ.S.P. 1,937,844 

Heed, U.S.P. 1,937.844 

Reed, U.S.P. 1,937,844 

dhristiariHen, Jour. Am. Chetn, Soc. 45 

(1923) 2193 
Reed, U.S.P. 1,937,844 
'rrumhull, U.S.P. 1,969,243 
Trumbull, U.S.P. 1,969,243 
Trum!)ull, U.S.P. 1,969,243 
Truinl>ull, U.S.P. 1,969,243 
Schneider Wilinanns, U.S.P. 

2,060,594 

Schneider & WilmarniR, U.S.P. 

2.060,594 


1891 

1891 

1891 

1891 

1891 

1891 

1891 

1891 

1891 

1891 

1891 

1891 

1891 

1891 

1892 
1896 
1896 
1896 
1896 
1905 
1905 
1907 
1907 
1914 
1919 

1922 
1930 

1930 

1931 

1931 

1932 
1932 

1932 

1933 
1933 
1933 
1933 
1933 
1933 
1933 
1933 
1933 
1933 

1923 

1933 

1934 
1034 
1934 
1934 

193<) 

193ti 
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Tablb L— organic Compounds Suggested for Photographic Development 

{Continued) 


Compound 


Discoverer 


Aminophenols.— (^Continued) 


4:6" Diehl oro-2-methylaminophenol. 


4"Methyl"2“med-bylamiiiophenol. 


5" M e t h o xy- 2- mi^ t It y 1 a tn i u of > lie u ol. 


f)-l)iin6thylamiiu>2“rnethylantinoph€MU)L 


4- A mi n 1 n e t h y I "2- nt e1 1 1 y 1 arn ht opIton ol. 

6"Ainiiu>-4-nif^thyl-2"med.hylaininopheiiol, 


Schneider & Wilmanns, U.S.P. 
2,060,594 

Schneider <fe Wilmanns, U.S.P. 
2,060,595 

Schneider & Wilmanns, U.S.P. 
2,060,595 

Schneider <&; Wilmanns, U.S.P. 
2,060,596 

Schneider <&; Wilmanns, U.S.P. 
2,060,596 

Schneider <fe Wilmanns, U.S.P. 
2,060.596 


Poly amines 


1 :4"Dianiinohenzenc... Andresen, D.R.P. 46,945 

2:5*-Diaminotoluene. Andresen, D.R.P. 46,945 

4-Aminumethylaiulino. Plauff, B.P. 15,434 

4-Atninodim<‘thylaniline. Hauff, B.P. 15,434 

4- A ini n ()(d41y 1 arli 1 ine. Hauff, B.P. 15,434 

4"Ainin<>di(*thylaiiiline. Hauff, B.P. 15,434 

4“Aminol)utylaniline. Hauff, B.P. 15,434 

4-Ainino-2"imdliyl-<licthyluniHue. Haul!, B.P. 15,434 

1 :4~I)inH‘t-hyl“2:r>-<liarniiH)b<nizari<‘. Hauff, B.P. 15,434 

4«Ainino-t(4rairudliylaniliiH*. Hauff, B.P. 15,434 

1 :2:4-Triannn<)h(‘n7anH^. A.G.F.A., B.P. 11,872 

1- Hydr<»xy"4:4'-<lii»hmiylamine... Cassela <& Co., Phot. Korr., 1897, 587 I 

I“Aininodirnethyl" 1-ph<niyUaininoaceiic acid. Hauff, B.P. 28,596 

l~Aininodicd.hyl-4-i)]icnyl-anunoacetic acid. Hauff, B.P. 28,596 

LAmin(>-4"phcn\d-aminoacct.ic acid. Meister, Lucius & Bruning, (Eder, 

Aus. Hndbh,, 1903, 318) 

1 :2d)i!unin<)hcn/(MH'. Lumi^re <fe Beyewetz, B.J. Phot., 1904, 

866 

2:4d liainino-dif)h{uiylaniinc... Bchering, B.P. 20,050 

4 :4'-1 )ihydrox.V"diphcnylaniin<*. Bchering, T.P. 382,367 

4 :2':4'“*Triamin(>“*dii>honylamin(^. Schering, l.P, 429,380 

4-Anun<)“‘4'“liydroxy-diplHMiylaniin<^. Bchering, V . P. 429,380 

4-Annn(>-4'diydroxy-diplHMiylaminc-2"Sulr)honic acid. Bchering, V.V. 444,639 

4-Ainiiio-dipropyhuiiliiK^. Fischer, U.S.P. 1,102,028 

4-Amino-N"i>h(Uiyl piperidine. Mscher, U.S.P. 1,102,028 

4-Anun(>-N-ph(myl r)ip(U'azine... Idscher, U.S.P. 1,102,028 

4-Anun(>-:LincthyL<li0thylanilin0.. .. Fischer U.S.P. 1,102,028 

;p4"r)iaininO“N-phenyl nH)rr)li<)line. Reed,U.S.P. 1,937,844 

lA-PhenylencHlimorpholine. I^eed, U.S.P, 1,937,844 

4"AnuiH)”N-ph(Miyl morpholim^. Heed, U.S.P. 1,937,844 

3:4-l)iannno-N~r>^»‘'»>y* ntorr>holine. Reed, U.S.P. 1,937,844 

2- Mfd.hyL3:4-(liivnniK>-N~r>henyl morpholine. Ree<l, U.S.P 

4-riv<lioxv-4'*diin(d,hvlamino<liplHUiylarniiie. Trumbull, U.S.l . 1,J()J,243 

2-Ainino<Hethy]anili.u.. Kodak-Pathe, K.P. 804,472 

:PBr()nH)-4-aniiiu)(lielhyhunlin<.. Kodak-Pathe, F. 804,472 

.. I p fnAll 

2-Amint)-r>-(li<dhylaiiunO"F)heiud <)le. .. Kodak-l athe, F .1.804,47 

NdIy<lr()xyin(d.hyl"4™anutioanilin('!. hCi. Farb., B.I.460,o80 


1904 

1907 

1907 

1910 

1910 

1911 
1914 
1914 
1914 
1914 
1933 
1933 
1933 
1933 

1933 

1934 
1936 
1936 
1936 

1936 

1937 
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Table I.—Organic Compounds Suggested for Photographic Development 

{Continued) 


Compound 

Discoverer 

Data 

Polyamines. 

.— {Continued) 


4-Amino-N-methylamline-6j-sulphonic acid. 

4-Amino-N-ethylaniline-^j-sulphonic acid. 

4-Amino-N"ben2ylaniline-4'"Siilphonic acid. 

4-Amino~N-diglycoao] 1-aniline. 

I.G. Farb., B.P. 460,580 

I.G. Farb., B.P. 460,580 

I.G. Farb., B.P. 460,580 

Taylor, B.P. 481,681 

1037 

1937 

1937 

1938 


i 



Naphthalenes 


l-Amiiio-2-naphthol-6-sulphonic acid. 

Medola, Chem. Soc., 1881, 39, 47. 

1881 

4-Amino- 1-naphthol. 

Andresen, B.P. 5,207 

1889 

.1:4-Dihydroxynaphthalene. 

Andresen, B.P. 5,207 

1889 

1:5-Dihydroxy naphthalene. 

Andresen, B.P. 5,207 I 

1889 

1:5-Dihydroxynaphthalene-6-sulphoriic acid. 

Andresen, B.P. 5,207 

1889 

1:2-Naphthalenediainine. 

Andresen, B.P. 5,207 

1 889 

1:4-Naphthalenediamine-2-sulphonic acid. 

Andresen, B.P. 5,207 

1889 

l~Amino-2-naphthol-4-sulphonic acid. 

Andresen, B.P. 5,207 

1889 

l-Amino-2-naphthol-3:6-disulphonic acid. 

Andresen, B.P. 5,207 

1889 

2-Amino-l-naphthol-4-sulphonic acid. 

Andresen, B.P. 5,207 

1889 

3-Amino-2-xiaphthol-7-sulphonic acid. i 

Andresen, B.P, 5,207 

1889 

2:3-Naphthylenediamine. 

Andresen, B.P. 5,207 

1889 

1:4-Naphthylenediainine-7”Sulphonic acid. 

Andresen, B.P. 5,207 

1889 

1:2-Diamino-8-naphthol-3:6-disiilphonic acid,. 

Andresen, B.P. 5,207 

1889 

l-Arnino-methyl-4-naphthalenediamine. 

Hauff, B.P. 15,434 

1 81) 1 

1 - Di et h y 1-4- n a p h t hale nedi amine. 

liauh, B.P. 15,434 

1 81) 1 

4- M ethy 1 a mi n o-1 -n a f) h t h ol- 6-s 11 1 p h oni c acid. 

Hiuiff, B.P. 15,431 

1 81> 1 

l-Methylamino-4-hvdroxv-2-nai3hthoic acid. 

Huufr, B.P. 15,434 

1801 


Hand, B.I’. 15,434 

1891 

l-Amino-2-hydroxy-3“naphthoic-4-sulphonic acid. 

HanlT, B.P. 15,134 

1 80 1 

2:8-Diamino-l-naphthol-3:6-disulphonic acid. 

A.G.F.A., B.P. 21,595 

1 808 

2:8-Diamino-l-naphthol-3:5-disiilphonic acid. 

A.G.F.A., B.P. 21,595 

1 898 

2:8-Diamino- 1-naphthol-5-sulphonic acid. 

A.G.K.A., B.P. 21,695 

1 808 

4-Methoxy-1-naphthol. 

Homolku, D.Il.P. 283,149 

1911 

4-Ethyoxy-l-naphthol.. 

Homolka, r>.:H,.P. 283,149 

toil 

4“Hydroxy-N-naphthvl morpholine. 

Heed, U.S.B. 1,937,844 

1933 

4-Hydroxyphenyl-l-naphthylamiue. 

Triunbull, U.S.l'. 1,969,243 

1934 

4-Hydroxyphenyl-2-naphthylaniine. 

Truuihull, U.S.P. 1,969,243 

1934 

3- Phe r 1 yl a rni n 0 -1 - na p h t h ol. 

I’ruinhull, U.S.P. 1,969,243 

1934 

4-Fhenylurnino-l-riaphthol. 

Tnind)iill, U.S.P. 1,969,243 

1 934 

2-F hen yl-1 ;4-dihy dr ox y n a p h t h al en e. 

K. <& L. Schinzol, Das lAchtbild, .\u8. 



12/XI, 1936, 173 

1930 

4-BenzoylaminO"l :-4-dihydroxynaphthalene. 

K. & L. Seliinzel, Das Lichtbild, .Xus. 



12/XI, 1936, 173 

1930 

4-Acetamino-l :2-dihydroxvnaphthalene. 

Kodak-Schiiizel, B.P. 498,869 

1939 

2-A ce t a m i n o-3 - c h 1 or-1:4-d i h y d r oxy n a p h t hale n e. 

Kodak-Sehinzel, B.J\ 498,869 

1039 

2:8-Diacetamino-l :4-(lihvdroxvnaphthalone. 

Kodak-Schinzel, B.P. 498,869 

1039 

.Anthraci 

ftnes 


1:2-Dihydroxyanthracene... 

Kodak-Schinzel, Can. Pat. 380,527 

1939 

1:4-Dihydroxyanthracene. 

Kodak-Bchinzel, Can. Pat. 380,527 

1939 

1:2-Di by dr oxyanthracen e-in on omethyl ether. 

Kodak-Schinzel, Chin. Pat. 380,527 

1939 

1:4“Dihydroxyanthracene-monoethyl ether. 

Kodak-ScVunzel, Can. Pat. 380,537 

1939 
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I ABLE! I. OhOANIO COMPOUNDS SUGGESTED FOR PHOTOGRAPHIC DEVELOPMENT 

(Continued) 


Compound 

. . - . 

Discoverer 

Date 

Heterocyclics 


<)- Dihy drc)xy<|uiri oline. 

Lumidre & Seyewetz, (Eder, Jahrbuch, 
1892, 93) 

1892 

/>" Di h y (1 r ()xy (1 u i n oli u e. 

Lumi^re & Seyewetz, (Eder, Jahrbuch, 
1892, 93) 

1892 

f>". Dianiitul^prmoliiu^ . 

LumieSre & Seyewetz, (Eder, Jahrbuch, 
1892 , 93) 

1892 

/>■"DiaTnituxiuinoline. .. 

Lumi^re Seyewetz, (Eder, Jahrbuch, 
1892, 93) 

1892 

f>-Hydr(>xyliydromethyU(|uinoHne... 

Lembach Schleicher, D.R.P. 89,181 

1 895 

o-Hydroxyhydropropyl-cpiinoliue... 

Lembach <& Schleicher, D.R.P. 89,181 

1895 

0 “ Hydroxyhydrcxdhybquitioline. 

Lembach <fe Schleicher, D.R.P. 89,181 

1895 

11 y d r o xy h y d r ob u t y b< 1 u i r u)li 1 u?. 

Lembach <fe Schleicher. D.R.P. 89,181 

1895 

'rotrahydro-dihydroxyquiuoline. 

A.G.P.A., B.P. 371 

1896 

Tat rah y dr o»ari a-ami i \ o-a- h yd rocj ui n oli n . 

A.G.F.A., B.P. 371 

1896 

Tetrahydro-o-hydroxyl-Quinolina-ana-Hulphonio acid. 

A.G.F.A., B.P. 371 

1896 

o-Hydroxy-irihydrornethvl-tiui noline. 

A.G.F.A., B.P. 371 

1896 

H y dr oxy «t ri h yd r th y 1 -(i u i n o line. 

A.G.F.A., B.P. 371 

1896 

o-Hydruxy“trihydroj)ropvl-fuunoline. 

A.G.F.A., B.P. 371 

1896 

0 - H y ci I' t) X y -1. r i h y < 1 r 0 h f u 1 S5 y 1" < 1 u i n n 1 i n e. 

A.G.F.A., B.P. 371 

1896 

e“Hydroxy*trihy<iro|>hen vd-(iuinoliiie. .. 

A.G.F.A., B.P. 371 

1896 

f>«Hydroxy-trihydroucetyl-(iuiiioUn(i. 

A.G.F.A., B.P. 371 

1896 

11 y d r < >x y -1 ri h y d i' ol > e n y. < >y 1«(i u i u ol i i u*. 

A.G.K.A., B.P. 371 

1896 

o-Mydroxy-triliy drornetliy !~(iiunoline earl>oxyli(5 a(;id . 

A.G.K.A., B.P. 371 

1896 

l-Phcuiyl-2:3-ditriethyl-4-Hiili)lianuuo-r)“pyra55olon(*.. . , 

Scludtlin, U.S.P. 930,091 

1909 

l-AMCorbinie aci<l (Vitamin (4). 

Manor & Zapf, Phot. Ind>, 1935, 5, 90 

1935 

f/^AHeorbinie acid (iHovitaniin (.-) . 

Mauer tfe Zapf, Phot. Jnd., 1935, 5, 90 

1935 

l-ldienvb3"nu*t hvb4«aminO"5“i> vni7a)l<)n<‘ . 

1,(4. Farb., B.P. 459,665 

1937 

!“;>“( dduror)h(‘nyl“3"nudliyl"4-ainino-r)-pyrazolonc. . . . 

I.CJ. Furl)., B.I\ 459,665 

1937 

3“ AininO"4-oxf)-2”iinin()~l et rahydrotliiophene. 

I. (4. Fail)., B.P. 459,665 

1937 

4 :5- I)iamino-2:(b<lihydroxy”'i)yrifrudin(‘ . 

l.Ci. Far!)., B.l\ 479,44() 

1938 

(bH vdroxy-2:4:5"t riamino-pyritnidine . 

T.C4. Farb., B.P. 479,446 

1938 

2:4 iT) ruTitiiiio~i)vrimidiiK* .. 

I.G. Farb,, B.P. 479,446 

1938 

2 *5" I liatTii a 0”4-nu^t h “ I) >'ri in idiiH*! ... 

!.(}. Farb., B.P. 479,446 

1938 

2 :4 :r)"Trihv<lroxy“(Vnmin o-|)yrirnidin(‘ . 

1.(4. Farb., B.P. 479,446 

1938 

(bA nuno-H-inethoxy-1 :2:3: 1-t <'tra.hydro-<iuinoIin(n . . . 

I.(;. Farb., B.P. 478,345 

1938 

'^P<di'ahvdrt)-~<juinnxalinc . 

I.G. Far!),, B.P. 478,345 

1938 

(bAiniao-1:2:3:4 -( <4 rnby<lro-<|uiind<lin(^ . 

I.(;. Farb., B.P. 478,345 

1938 

(bAnuno-S-inetboxy^ 1 :2 :3 :4 -1 <4 rahydro-tiuinahlim^ . . . 

I.G. Farb., B.P. 478,345 

1938 

A rn! rt n b v'f 1 r< >-2“ Ill (4 \’1 “ 1 n 11 ()I<* . 

1.(4. Farb., B.P. 478,345 

1938 

(bArnino-lKMi/othias^olim* . 

r.(b Farb., B.P. 478,345 

1938 


Alipluit i(! 


(nu-ot i(r acul ethyl tsuua 


1.(1. Karb., U.S.P. 2.163,781 


1987 


[)h<)lo^raphi(‘ (l(‘V('l<>|)(*r*s. 11ydnxiuiiioiKb an a. (U^vedopeu*, is luorc understood thiiu 
any oilier njiii'iil , Iml, lh('r<‘ still reinains iniK^h doubt as to the exact nature of the 
naictioii [iroductH of (Icvclopiru'nt caused when even this nmch-exanuned agent is used 
in a devavloix'r along vvuth aJkali, sulphite, and hrotnide. 

1 : l-Dihydroxybeti/aau', or hydrocpiinono (hydrochinone or quinol), is slightly 
sohd)l<‘ in cold water, v('ry solubhi in hot water, other, and alcohol, and insoluble in 
bensjcne. Devedoping solutions of hydnxpiinone are practically inert at temperatures 
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below 55°F. The keeping quality is 3 or about one-third that of metol, accorditig to 
Strauss. 

In developing action hydroquinone is slow but tends to build strong contrasts. 
However, a minute trace of metol will accelerate the action of hydroquinone. Th(? 
dye safranine has also been observed to act as a catalytic agent in starting hydro¬ 
quinone to develop. On the other hand, hydroquinone is exceedingly sensitive to 
soluble bromides, producing high transparency in the slightly exposed areas, and for 
this reason is an excellent developer for line copy work where pure black and white are 
required. 

Generally hydroquinone is, used in combination with more active developing 
agents, usually metol. When hydroquinone develops gelatino-silver halide cMuilsions, 
particularly if the sulphite concentration is a minimum, the oxidation prodvuits of th(’» 
hydroquinone locally harden the gelatin wherever silver is produced. Use has l>een 
made of this action to produce relief images which, being subsequently dyed, are used 
to transfer dye images in color photography. 

'p-Amino'phenol .—In 1888 Andresen recommended p-aminophenol as a developing 
agent and thus opened the way to the largest class of developers, the aminophenols. 
A legion of derivatives of this basic agent have been suggested inasmuch as one of the 
amino hydrogens can be readily substituted by alkyl, aryl, and heterocyclic groups. 

The free base of p-aminophenol is only sparingly soluble in water, soluble in alco¬ 
hol, and insoluble in ether, while its sulphate, hydrochloride, oxalate, and tartrate 
salts are readily soluble in water. The hydrochloride salt is soluble to the (‘xtent of 
3 per cent in cold water (60°F.), but this solubility is reduced to 0.3 per cent in a 5 per 
cent sodium sulphite solution at the same temperature. The stability of a p-atnino- 
phenol developer is 9, or almost as great as that of metol, according to tlu^ Strauss 
scale. The various salts of p-aminophenol have appeared under the trade nairuw: 
Citol, Diutall, Kodelen, Energol, Freedol, Indianol, Kathol, Para, and IJnal. Tlui 
free base of p-aminophenol forms the active ingredient in the Rodinal type of deved- 
opers. Relatively large amounts of the salt dissolve in strong alkali, e.p., sodium 
hydroxide, to form p-amino-sodium phenolate, which is the active developing ingrc'- 
dient of the p-arninophenol developers. However, this compound is not very stabler, 
so a small amount of the base itself is allowed to remain in the develojoer, thus actir»g 
as a preservative. The following is typical of various methods suggested for th(^ 
preparation of the Rodinal type of developer: 

Dissolve 1 g. of potassium metabisulphite in 250 cc. of boiling hot water. Wluui 
dissolved, add 20 g. of p-aminophenol hydrochloride with constant stirring, and finally 
add 60 g. of potassium metabisulphite. The mixture is stirred until all the meta- 
bisulphite has dissolved. Then add, with constant stirring, 40 per cent socliuni 
liydroxide solution until the mixture gradually becomes clear. The addition of so<iium 
hydroxide must be stopped just before the last trace of the cloudy precipitate* disaj)- 
pears. The solution is then made up to 400 cc. and stored in ruhber-stopi)er(‘d 
bottles. For use the stock solution is diluted with 20 to 30 parts of water. The high 
concentration of the stock solution is an advantage under some working conditions 
and, in fact, is the major advantage of this type of developer. It has appearcul also 
under the trade name of Azol, Activol, Artinal, and Paranol. 

p-Aminophenol develops rapidly but does not build up great contrast and t<'nds to 
produce less fog than most other rapid developers when development is carritnl out 
with warm solutions; for this reason, p-aminophenol is largely recommtmded for use in 
tropical countries or for warm weather use. 

Metol .—In 1891, Bogisch observed the developing action of methylated-y>-amino~ 
phenol and in that same year Hauff introduced metol as a developing agent. The 
exact structural forrrnda of thci early metol is not e.ertain and there is <5vi<lt;n(u^ to 
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iiidi(“.ato that tlio first mctol was p-methyl-amino-m-cresol. For a number of years 
now, however, rnetol has been considered to indicate the sulphate salt of p-methyl- 
aminophenol. This particular aminophenol salt has probably appeared under the 
guise of more‘different trade names than any other developing agent; a few of these 
tiade names being Rhodol, Enol, Elon, Viterol, Scalol, Genol, and Satrapol. 

Mctol is soluble in water at 60°F. up to a concentration of 4.8 per cent and soluble 
to almost the same degree in 5 per cent sodium sulphite solution. It is insoluble in 
ether and alcohol, thus establishing one test of (differentiation between it and p-amino- 
plnmol. The stability of metol, as a developer, is 10, the highest rating according to 
Strauss. lake p-aminophenol, metol is a soft-working developer but the combination 
with hydroquinone yields a developer which acts strongly on the weakly exposed 
portions and also builds strong contrasts. Thus, by varying the concentrations of 
these two agents, the nuitol working energetically even on the underexposed areas, with 
hydnxiuinone which favors the more exposed areas, developers can be compounded to 
takti carci of a wide range of desired results. 

Metol will tolerate relatively large amounts of soluble bromide, in fact, metol 
dev(ilopers tend to produce fog unless some bromide is included in the solution. 

Glycine .—Instead of methylating one of the amino hydrogens of p-aminophenol, 
Bogisch, in 1891, substituted one of the amino hydrogens, by means of methyl carboxyl 
(—(MlaCOOH), to form p-hydroxyphenyl aminoacetic acid or glycine. 

Glycine is practically insoluble in water, alcohol, and ether; thus it is distinguished 
from tlui oth(^r commonly used dciveloping agents. However, in a 5 per cent sodium 
sulphite solution at 00°F., glycine will dissolve to a concentration of almost 13 per cent 
by weight. As a developer it is slow acting but rather powerful. Its action resembles 
in many n^spc'cts th(^ (diaracteristics of some metol-hydroquinone (MQ) developers. 
Evcm in th(^ al)H(vn<a> of soluble l)romides glycine produces practically no fog. It yields 


fin(‘-graiiuHl silver images and has been recommended for this type of development, 
(Mther aloiui or in (H)nd)imitions, particularly with p-phenylenediamine. Glycine, 
al)ov(^ all other d(W('lopc!rH in use today, offers more resistance to oxidation by the air 
and thus is highly rec.ommcnchrd for dc^ep tank work. p-Hydroxyphenylglycine has 
also h(Hm ma.rket('d as Tconyl. 

' A midol .—In the year 1891, Andresen introduced 2:4-diaminophenol as a 
d(’V(dop<‘r, und('r tlu' n!i.m<^ Amidol. Amidol belongs to a rather small class of develop¬ 
ing ag(‘id.H which can d(W(*lop in the abneruui of alkalies; in fact. Amidol will develop in 
w(ud< acidic solutions, hut such dcwelopTtvont requires prolonged time. Amidol is 
soluhh^ to c.oiKumtrations of almost 16 per (amt in water at 60°P., but only to 10 per 
(’(*nt in 5 p(*r (U'nt> sodium sulphites s(ilution at the same temperature. It is very 


slightly soluhh^ in alcohol and insoluble in (dher. 

Amidol is the most (UK'igcdic working developer in common use and is next to 
pyrogallol in its instability. It. builds contrast slowly and tends to produce heavy 
fog wlu'u UH(‘d in alkaliru^ solutions. It will develop Rebly in plain aqueous solution. 
(huKu-ahy lh(' alkalinity siqiplic'd by aqimous sodium sulphite is sufficient tc) cause 
Amidol to devc'lop <m(M-g(>l,ica.lly, and the usual developers of this agent contain only 
Amidol and sodium sulphit e and usually a small amount of potassium metabisulphite. 
It, has Homet imc'S been callcHl the “t<‘aHpoon” (hvveloper since a teaspoon and a mixing 
v(>sH(‘l are (he only measuring rmyins rcHpiired to mix the developing solution; the 
relative jirofiort ions of the (hweloper Ixung I part potassium metabisulphite, 4 parts 
sodium subihitv, 1 part Amidol, and 2()() parts of water. Because of its instability, 
various ag.mis havc^ b(>en recommended a,s preservatives, these include boric acid, 

glyciollic acud, lactic acid, and t in (dilorid(\ 

‘ In 1888 Andresen d<>scrih(Hl t,h<‘ developing action of p-diaminobenzene or p-phenyl- 
liamim^. Andresmi fouml it' necessary to use caustic alkali to obtain sufficient 
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gradation with, p-phenylenediamine developers. In 1904 Lumiere and Seyewetz 
recommended this agent as a substitute for physical development to produce fine- 
grain images particularly suitable for lantern slides because of the fineness of the 
deposit and the pleasing tone of the image. 

p-Phenylenediamine base is slightly soluble in cold water and fairly soluble in 
5 per cent sodium sulphite solution. The hydrochloride salt is soluble in water and 
insoluble in ether and alcohol. The dry developer exerts a rather toxic action on the 
human skin, particularly so in the case of persons who are allergic to its constituents. 

The fine-grain characteristics of p-phenylenediamine developers, noted as early 
as 1904, have been widely applied in recent years for the development of miniature 
films. This particular characteristic is due, in part, to the fact that the developing 
<‘uorgy of p-phenylonediamine is the least of those developing agents thus far evaluated 
by the reduction-potential method. The second probable cause for the fine-grain 
developing action of this developer is the solvent action exerted by the diamine on 
silver halides. 

Owing to its weak developing energy, developing agents of more energetic action 
have been combined with p-phenylenediamine, either in the dry form or in the develop¬ 
ing solution. These “booster” agents include; metol, Amidol, glycine, hydroquinone, 
and pyro. 

Early in 1900, p-phenyhmediainine was marketed in this country under the name 
of Metacarbol. 

Method for IdentifiLcation of Developing Agents.—The above developing agents 
and a number of those mentioned prcvioxisly are included in the scheme for their 
idcintification, wliich was arranged by Plauman and given in Table II. 

Reduction Potential and Velocity Constant.—The many compounds which have 
been foun<l to l)e dev(>lopers dilTer rather widely in their activity and power. It has 


prov(‘(l (liffi(nilt to comparer them completely, since some will develop under conditions 
of temjxwature a.nd alkalinity in which others are essentially inert, yet with change 
of eonditions, the n'lative activity may change considerably. To bring a measure of 
onhw out of t.h<‘ cornpl(‘x situaiion, the concept of “reduction potential” has been 
introdiKHHl as one measure of developing power or activity. Reduction potential is 
MH'asured by the ability of the reducer to overcome the restraining action of potassium 
bromide. Wit h some developers, those of low rediu^tion potential, there is produced a 
(‘onsidc'ral)1(^ r(Hlu(d.ioii in (hmsity by the addition of a small standard quantity of 
bromide. Wit h others of high rciduction potential there is less density depression by 
a similar bromide addition. l'\)r purpos(;a of numerical comparison, hydroquinone is 
assigned a, valne ol 1 in tlio r(Mluction-p<)tential scale. 

'Pabh' III gives (he nHluction potentials found for a number of developing agents. 

Another propcu’t.y wliit'h H(‘<'ms elos<^ly allied to, but not identical with the reduction 
potential, is t he rat<> of dev('lopment, as represented by the “velocity constant” (see sec¬ 
tion on I)evt4opm<mt (,iua.nl.il.a.tiv('ly Considered). In general, reducers having high 
r(‘duction pofimtial also have high velocity constant, and, similarly, reducers of low 
nshie-lion potcmtial hnv(^ low velocity constants. In spite of this, as a general trend, 
tlu^ lit.(‘ra.t urci indicat(>H t hat sinall dirferences of reduction potential may not be repre- 
s<‘nted by (H)rn^Hpon(ling diffi'nnuHis in velocity constant. 

Preservative. -R('duc<;rH of the type described are readily oxidized by the air 
and provision must lx; made in the eompoatiding and use of developing solutions to 
guard against deinrioration t hrough such aeriid oxidation. The organic compounds m 
common use kis^p rttasonalily well in the dry state, l)ut when damp or actually in 
solution, d(d,mdorat,ion may become very rapid. Pyro shows the greatest rate of 
deterioration of th(‘ common reducers and consequently reipnres the greatest care, 
but suitable storage an.l mixing procedures must be provided for all the reducers. 
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Glass bottles tightly stoppered are suitable for storage of the dry powers when the 
quantities involved are suitable. Tin cans, lined with good-grade clean paper and 
taped to hinder the access of air and moisture, are also frequently used. Larger 
quantities of some reducers, e.g., hydroquinone, may be stored in strong cardboard 
containers where conditions are dry enough. The small user, wishing to preserve 
relatively small amounts will probably find the storage bottle best, and tlui large 
user will be guided by the shipping containers provided by the manufacturer.s. 

Table III.— Reduction-Potential Series 


(Nietz-Tschibissoff) 

Ferrous oxalate. 0.3 

p-Phenylenediamine hydrochloride, no alkali. 0.3 

p-Phenylenediamine hydrochloride, plus alkali. 0.4 

Methyl-p-pheiiylenediamine hydrochloride, no alkali. 0.7 

Phenylhydrazine. <1.0 

Hydroquinone. 1.0 

2~Hydroxyhydroquinone. >1.0 

p-Hydroxyphenyl glycine (glycin). 1 . (i 

Hydroxylamine.. . 2.0 

Toluhydroquinone. 2.2 

Methyl-p-phenylenediamine hydrochloride, plus alkali. 3.5 

Benzyl-p-aminophenol. <5.0 

Dimethyl-p-phenylenediamine hydrochloride. 5.0 

p-Hydroxydiphenylamine. <0.0 

p-Aminophenol... ( 1.0 

Chlorohydroquinone (Adurol-Hauff). (h 0 7.0 

p-Amino-o-cresol. 7.0 

Dibromohydroquinone. 8.0 

p-Amino-m-cresol. 9.0 

Dimethyl-p-aminophenol sulphate. 10.0 

Dichlorohydroquinone. 11.0 

Pyrogallol. 10.0 

Methyl-p-aminophenol sulphate (metol). 20.0 

Bromohydroquinone (Adurol-Schering).... . 21.0 

p-Methylamino-o~cresol. 23,0 

2:4”Diaminophenol (Amidol) plus alkali.. 30 40 

Thiocarbamide (Thiourea). 50 0 


All developing formulas make provision for the proscrvntiori of th(^ rcMlueors, in 
solution, by presence of a compound or compounds as preservative, 'rhe; inosl. (uttn- 
mon and most universally used preservative is sodium sulphite. It also has other 
effects in the developer which will be noted later. The theoreticuil clestuiptiou oC the. 
action of sulphite as a preservative is not completi; and unambiguous, but the rnct 
of its activity remains. From an elementary point of view its activity ih proliubly 
sufficient to consider it as a substance which itself may be oxidized to sodium sulphat.e 
and is preferentially oxidized with consequent preservation of the reducer. In most 
formulas the sulphite is present in three to ten times the coiu’eiitratioti of the rc'ducuu’s, 
and this is probably vital to the prolonged life of the solution, but even small quan¬ 
tities of sulphite make relatively large difference.s to the initial nitc^ of aerial oxidation 
of reducers. 

In some formulas bisulphite or metabisulphite is used instead of t.lu^ sulphite 
itself, but in alkaline solution the result is essentially the same. 

The simple description just suggested of the preservative aetion of sulphite does 
not cover adequately all the tacts, as hydroquinone, a develo[)ing agtuit, itsc'lf pr<'H(‘rv«'s 
a sulphite solution. 

Experience has shown that the presence of two reducers in a devc^loiiing formula 
frequently decreases the susceptibility of a devc^loper to aerial oxidation. Metol 
piescives Amidol when used together in .siiitahlc fornuilas. Hydroquinone pr('serv(^s 
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inetol particularly in nietol-hydroquinone-borax formulas. Hydroquinone represents 
one of the most popular current cases of the preservative effect of the second reducer. 
Blxperiments have shown that the primary function of the hydroquinone in the 
formulas commonly compounded is that of preservative. Freshly mixed developer, 
lacking the hydroquinone, shows relatively little difference in its activity from the 
complete formula, but it is almost impossible to store it any length of time without a 
decrease in its activity, whereas the complete formulas keep reasonably well. 

A few other preservatives have been suggested and tested but are far less important 
than sulphite. They include: acetone bisulphite; formaldehyde sodium sulphoxylate 
(known as llongalite C); Mannitol; Sorbitol; lactic acid; stannous chloride; and 
glycollic acid. In a number of these cases, sulphite has been present also. 

Other Effects of Sulphite Preservative .—While considered usually as a preservative, 
sulphite contribxites greatly to the action of a developer in other ways. The usual 
photographic developing agents do not act so rapidly and energetically in the absence 
of sulphite as in its presence. Thus in spite of the fact that, as a reducing agent alone, 
sulphite cannot develop a photographic emulsion, it plays an important part in that 
development. In the brief description of the process of development given under 
Organic lleducing Agents, mention was made of the fact that one over-all effect 
of the developnient process is the increase of the halide content of the developing 
solution. That does not take place simply as an increase in the ion content of the 
solution and the sulphite is usually considered as the "halogen acceptor” which acts 
in the cooperative way required to balance the system. It has also been suggested 
that the sulphite itself can regenerate the original reducing agents from their oxidation 
products, while it is itself oxidized to the sulphate. With some reducers, the sulphite 
may form compounds whitdi are more active as developers than the parent substances. 

A second action of sulphite in a developing solution is its behavior as a silver halide 
solvent. It is relativ(‘ly simple to demonstrate the existence of this effect by analyti¬ 
cal nunins, though the action is not rapid and large like the solvent action of hypo. 
'Phis solvent action has Ix^en suggested as a contributing cause of such fine-grain 
(diaracterist.icH ns tlu^ usual metol-hydroquinonc-borax negative developers possess. 
Tlu* nu'chanism sugg<'st(‘d for this action is this: The surface of the silver halide grains 
is diKsolv('(l by the relatively high sulphite content of these developers thus increasing 
slightly tlu'ir separation and decreasing the chance of clumping during development. 
Witli the (unulsions ustni on many printing papers, the sulphite content of the devel¬ 
oper is of importance' as it influences tlu'. t<)nal quality of the final print. The size 
of tb(> partiedes making up the image is influenced by the solvent action of the sulphite, 
and the r(^sulta,nt dc'posit may be "cold” and blue-black in tone or “warm” and 


brown-bhu'k in tom^ 

Accelerator.—Fxiua-iema; 
as tlu^ alkalinity iiuua'asc's. 
“accelerator.” A <u)nsideral 
graphics d(^v<‘lo[)ing formulas. 
aJid the:r<‘ is little or no <wi( 
Such sptHufic^ act ion has Ixicn 
alkali is beti.er than anot.lu'r 
of f.h(‘ react ions (.xxairing, (.h(^ 
tix'ort'tical grounds but must 
Hiudi tesla, tlu; (X)iiH<msuH is t. 
prime: control factor a,ITeel,e(l 
This stabuju'nt is not to 
significance, for then', are vat 
of th(^H(' is the stability of tlx! 


has shown that fk'.veloping agents increase in activity 
ddius tlie alkali in the. developer has been termed th(^ 
)le ra.nge of alkalies has been tised in different photo- 
Their primary dilTorenct^ lies in the alkalinity produced, 
hmee of other or sp(?cifie (tfeet on the developer itself, 
sought, in the att('mpt to dettu'inim^ whether or not one 
■ in results produced. Considering the complex nature 
|)ossibilit.v of su<di sptxufie (dfeets cannot be: ruled out on 
, b(? th(^ subj('c.ti of eand'ul experiimaits. As the result of 
hat 1h(^ pll or alkalinity produced in the solution is tlu; 
by the alkali. 

b(^ construed to mean t hat the cdioice of alkali is of no 
•ious scx'.ondary elTeets of considerable importance. One 
! solution. If a low alkalinity is desired, (pH but slightly 
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greater than 7.0) it would be unwise to secure it by use of a small quantity of strong 
alkali such as sodium or potassium hydroxide because relatively small quantities of 
other chemicals, such as carbon dioxide from the air, could react with the hydroxide 
and change the pH considerably. It is better to secure the low alkalinity by higher 
concentration of weaker alkali. Of course, where high alkalinity, high pH, is desired, 
the stronger alkalies must be used, but sufficient concentration is then xxsed to avoid 
rapid changes from introduction of small quantities of o^her agents. In some for¬ 
mulas the solutions are actually buffered in the chemical sense of that term, to insure 
maintenance of constant pH in the face of any factors which otherwise might normally 
be expected to affect it. In many other cases true buffering action is not obtained, 
but a concentration of alkali sufficient to prevent pH change from minor influences 
is used. 

Ammonia is used as a developer alkali sometimes but its volatility militates against 
its use where stability in solution is necessary. Ammonia is a solvent for silver 
halides, particularly silver chloride, and this factor also limits its utility as an alkali. 
Its use in developers is not widespread, though occasionally special advantages have 
been claimed from it. 

A second factor sometimes determining the choice of alkali is the effect of its intro¬ 
duction into the fixing bath. Sodium carbonate is the alkali most frequently used in 
developing forinvilas, but at times blisters are produced in emulsions when transferred 
from the alkaline developer to the acid fixer. This blistering is most apt to occvir when 
the processing is being conducted at advei'sely high temperatures and is due to the 
formation of carbon dioxide bubbles from the reaction of the carbonate with the acid 
of the hypo. Borates, phosphates, and compounds of that nature do not form 
gaseous compounds under similar conditions and hence do not caxisc Ixlistering. 
Boron compounds, particxilarly in the form of borate ions, have Ix^en used as additions 
to fixing baths to reduce sludging tendencies and increase the hardxuxing life of the 
bath. Accordingly, the choice of borates as alkalies for flevelopcus is a parti(!xdarly 
happy one, where suitable alkalinity can be obtained with them, not Ixecause of an.y 
specific xd’fect of borates on development perse, but as an advantage to the fixing bath. 

One specific combination xxsed in so-called “bxiffered borax” fovmxdas should 
mentioned. That is the use of both Ixxrax and boric; acid to secure tlie desired alka¬ 
linity. The; pH of the bath can then be varied by varying the ratio of the; two, giving 
good c'-ontrol of developer activity withoixt resorting to low concentration for low pM. 
As borax alone doevs not give a very high pH, this combination cannot be uscid to 
secure rapid-acting contrasty formixlas but is available for the slow<;r soften- oice^s fre¬ 
quently needcMi in development of negatives. 

Sodium sxxlphite itself is wcnikly alkaline, and hence a developing formula as sinqxle 
as sidphite and rnetol has been used xxpon oc<;asion. It develops film hut is rathc'r 
cpiicxkly exhaixsted. 

In addition to the direct effect on reducer activity, the pH of the solution mark<;dly 
inHuenccs the swelling of the gc^latin. Excessively high pH softens and swells the; 
gelatin to the point of dartiaging it. Spe;eially hardened emulsions are re'ciuireal whe;re; 
processing necessitates the use of the most extremely alkaline; formulas. With ordi¬ 
nary emulsions this softening se-ts a limit to the alkalinity which may prae;tie;!dly 
be used. 

The pH of devciloping formulas cannot be judged accurately from the kind and 
eiuantity of alkali alone, but as a gxiide to the alkalinity which can be ol)tained with 
various alkalies, the following ta])le has been prepared. Soxne of the compounds listed 
are not alkalies in the chemical definition of the term, bxit in solution with the othem 
ceirnpounels, particularly sulphite, reactions take place producing the nec(;ssary 
alkalinity. 
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The dates given are those of the earliest literature reference found for this com¬ 
pound in photographic developers. 

There are some other organic compounds representing addition products between 
other aldehydes and bisulphites which have been mentioned to produce the alkalinity 
needed in developers. 

Before leaving the subject of alkalinity, one other specific effect should be men¬ 
tioned, as it appears to have lead to some confusion. This is the effect on pH of the 
organic reducing agents themselves. Some of these compounds as handled com¬ 
mercially are in the form of salts which hydrolize in solution with resultant acid 
reaction on the solution as a whole. Metol is one particularly common example. If 
metol is added in increasing quantity to a typical borax developer formula, a point of 

Table IV.— Alkaline Agents for Development 

Approximate pH 
for Typical 
Working 
CoTiditiorm 


Sodium hydroxide. 13.0 

Potassium hydroxide 

Trisodium phosphate (1898). 12.0 

Sodium carbonate. 11,6 

Ammonium hydroxide. 10.7 

Borax (1902).-. 9.2 

Triethanolarnino (1932). 10.1 

Calgon (sodium hoxametaphosphate and sodium pihosphate (1930). 8.6 

Acetone (1902) 

Acetoue;!)“bisult)hite or sulphite (1902) 

Acetone-fornialdchydo (1902) 

Lithium hydroxide. 10.6 


Sodium amiuoacetaie (Piiuikol Salt) (1903) 
Sodium silicate (1902) 

Formal(iehyd(i (1890) 

p-Forniahiehyd<^ (1890) or trioxymethylene 
HexamethyIeuetetrapiiiie (1890) 
Formuldehyde-biHuhihit(ronipound (1890) 


Trimethylaniiius (1898). 10.0 

Lithium carbamide (1904). 9.0 

Sodium luetasilii’ut(^ (Melso) (1935). 8.6 


nia.xinuini jud ivity is (iui<*kly la'acduHl siudi tluit. hi|rh('r (H)nc<Mitniti()n 8 show U^ss a(d ivity 
than (h(^ lower cm(\s. WIkui stncliod from vic^w of {*.on(*.eiitra.tion alon<^, this 

l)ohavior is anomalous, hut whcm pIPs arc (lotornuiKHl, it is found that th(^ pH has 
droppocl at tlu^ liijrfhu- c.omumtration, inon^ than offsetting the in<*.r(^aso of dcweloptnent 
rate to 1 )(^ ('XfXH'tcMl from (•omunitrntion. If now the sanu^ experiment is performed 
with th(^ additional jirovision that tlu^ alkali b(‘ (dianged Huflicicmtly to maintain con¬ 
stant 1)11, th(^ result shows th(‘ typical irn^rcaisc^ of ncdivitj^ with conccrntratioii so frc- 
cpiently ass<)(lal(Ml with (daunical reactions. 

Restrainer.— In an carlicn* pa,nigra,ph it wa.s <nMj>luisi/(^(l that the a-bility of a 
r<aluc(u* to r<uliic(^ (^xposcai silveu' hahd(* as distinct from lUK^xposcnl haJid(^ is of primary 
irnport-nnci^ "This dilT(u’(mtlal act ion is not- aloiu^ a function of i\iO redmau' hut is also 
alTcMdial l)y th<^ otheu* ingnaliimts of tJu‘ solution and by the*: conditions surrounding 
(hwtdopiiumt as well as by th<^ nature* of the* eunulsiem b(‘iug deve*lop(^d. Of theise^ 
various hied-ors, the last-nanu'd, i.r., the^ natures o%tlH* (*mulsion, is not wit hin the*: sc;e)pe> 
of this (diupter, hut the other twe> (dcvele)por eonstiteition and proeuMlureO are here 
ce>nsieleu*e*d. 

hjxperiene*e shows that in the maje)rity of forrnuUiH gr(*iLt(u* dewe*l()pment dilTercmt ial 
is produced between exposeei and unexposed silver halide* whf*n a restrainer is used. 
The most common chcinietal for this purpose is potassium bromide and, less commonly. 
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chloride or iodide. A simple picture may be painted of the action of bromine ions 
as restrainers of development of a silver bromide emulsion. In this simple case it 
appears probable that the bromine ions in solution from the potassium bromide 
depresses the ionization of the minute quantities of silver bromide dissolving from 
the emulsion grains, thus reducing the rate of reaction, i.e., the rate of production of 
photographic density. This simple picture gives ho key to the magnitude of the 
effect nor does it give a basis upon which to predict whether or not development of 
image would be more or less affected than development of fog. Experience shows that 
in the majority of cases fog is restrained more effectually than image, thus increasing 
the differential nature of development. 

A more complex situation exists in many practical cases as numorous emulsions 
consist of mixtures of at least two silver halides. Thus mixtures of silver bromide and 
iodide and of silver chloride and bromide are frequently encountered. In all such 
cases the chloride or the bromide predominates, as the iodide is never used commer¬ 
cially to a large extent. The simple picture presented in the previous paragraph is not 
adequate to describe completely the phenomenon, but the same sort of effects is 
produced, i.e., fog is restrained more than image development. 

When potassium iodide is used in the developer formula as a restrainer, the 
restraining effect is somewhat increased, as silver iodide is much less soluble than either 
silver bromide or chloride. Accordingly, when potassium iodide is used in a developer, 
smaller concentrations are used than of bromide. 

Sometimes a combination of bromide and iodide is used in a developer, and some 
results of special interest have been achieved by properly proportioning the two 
compounds. When the developer is fresh, its action is restrained predominantly by 
the iodide and secondarily by the bromide. As the developer is used repeatedly, the 
iodide tends to replace the bromide in the emulsion passing through, owing to the 
extremely low solubility of the former. Thus the iodide content of the developer is 
reduced, while the bromide content is concurrently built up, and the r(^ducnus become 
less active through use. When correctly proportioned, the tend(in(*.y to increases in 
activity owing to reduction of iodide content may bo balanced against the decrc^asc! 
of activity due to accumulation of bromide and exhaustion of th (5 reducers, with a 
resultant evening of developer activity throughout its life. In one such formula, 
designed for positive motion-picture film, the iodide was presimt only to the (extent. 

Mo g- per !•) but this small quantity modified markedly the (exhaustion character¬ 
istics of the bath in the manner indicated. 

Little has been said of sodium or potassium chloride as a restrainer, for, wliihe they 
have restraining properties, neither has received the sanction <3f widcsspnead continued 
use accorded potassium bromide. 

Restrainers of the type discussed are primarily intended to dcicrease inlx'rent. 
chemical or emulsion fog, i.e., the fog developed spontaneously. When (h'vt'lopnuuit, 
is carried on under conditions such that the emulsion is permitted to come in contact, 
with the air while wet with developer, a fog is sometimes caused which is known iih 
“ aerial” fog. This appears to be connected with the aerial oxidation of the dcvcdojicr 
chemicals. Many desensitizers tend to prev(uit its formation. Bccuuise of this, t lit^ 
suggestion has been made that this fog is duo to eheniilumiu(^s(ienc(5 a<MH)mpanying 
the oxidation of the reducing agent by tlu; oxygen of th<‘. air. In most pholographie 
processing an attempt is made to reduce to a minimum tlu^ exposure to the air of th<‘ 
emulsion while wet with developer. This is usually tht; simplest and (‘heaix^st. way 
of avoiding such fog troubles. Wh(;n this procedure is not sufficutmt, desensitizers may 
be used either in the developer or as a preliminary bath. A number of such cornpoundM 
are known of which the most important are pinakryptol green, pinakryptol yellow, and 
phenosafranine. 
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Only small concentrations of these compounds are required, typical concentrations 
lying in the range from 1 part per 10,000 to 1 part per 100,000. 

In addition to the inorganic restrainers and the organic desensitizers used for their 
respective effects in the control of fog, a number of organic antifogging compounds 
have been discovered. These compounds are not yet in common use in developers. 
They include 

Anttifogging Compounds 
2-M ercaptobenzim inazole 

5- Nitrobenziminazole 

6- Nitrobenziminazole 

5- Chlorobenziminazole 

6- Chlorobenziminazole 
Aminobenzene 
Thioacetanilide 
Thioacetnaphthalide 
Cysteine hydrochloride 
Tetrazole 

2,4-Thioketothiazolidine 

These compounds are used in concentrations of 1 part in 10,000 to 1 part in 100,000. 
In general th('y delay the initial appearance of the image and prolong the development 
rtHiuired. 

Other Compounds Added to the Solution.—In addition to the four components 
tyj)ic.ally found in developing solutions, many other substances have been added to 
secure special results. Some of these additional compounds will be considered 
here. 

Methanol .—Methanol has be('n added to some solutions particularly those where 
a high concentration of nHlucer is desired, as it is frequently possible to maintain a 
higher c()n(^entratiou in solution with both methanol and water present than with 
water alone. Tlu^ gc'latin of the emulsion swells less when methanol is present in 
Huflici('nt comu'ntration tlinn it doc's in the simple aqueoxis solution. 

tHtiffar .—Sugar has been used t.o rcxlucc the rate of diffusion of the developing solu¬ 
tions into the ettudsion. Lowc'r gamma may be obtained, and some have also 
f(dl t hat liner grain r('sult<‘(l from its vise. There is little evidence that the grain is 
hmw than vvoidd result from tlie lower gamma, i.e., developed to the same gamma. 
Tht're is littli^ diffen'nco in grainincss from the use of the sugar in the solution. 

Cilric Acid .—Citric acid is usv'd us a idarilier. It tends to prevent precipitation 
of insolubh^ compounds from some types of hard water. Being an acid, its presence 
t(‘tulH t,o reduce th(‘ pM, and h<«nc(^ it tends to reduce the rapidity of development. 
'Iliis ri'(piir(‘H its use in small amounts only. 

Hardeners .—Various additions for developers have been suggested with a view to 
liardening tlie gvdntin during devvdoiiment. These suggestions have included chrome 
alum, bunmldchyih', and para-forrnalvlehyde. Some success has been attained, but 
Ihm-v' is a dvdinitv' gvmcral [indenmcv^ to separate the iiormanent hardening of gelatin 
from Ibe dvwudoiiing bath. Vvu-y freipiently this permanent hardening is provided by 
a liardening fixing ba(,h. At otlu'r times it is^provided by a hardening stop bath 
bel weim (hwidopiruMit and fixation. Less commonly, it is obtained by use of a pre- 
bath Ix'fori' devvdopment. I’or such use, dilute formaldehyde solution may be used, 
but some workvM’s have: found uiidesirabUi fogging tendencies. This difliculty is by no 
nK'ans universal, and t he met hod is applicable to some emulsions at least. 

It is sfnnef.inu'H desirabU^ to kev'i) the swelling of the gelatin to a minimum during 
develoimient, i)art icularly when its permanent hardening is produced by cither a 
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stop or fixing bath. This need most frequently arises in processing emulsions under 
adversely high temperature conditions, and accordingly the term “tropical developer" 
is frequently used to designate a formula in which particular provision is made to 
avoid dangerous swelling even when processing at temperatures of 86°F. or pver. 
Sodium sulphate is the usual addition to accomplish this result, as it reduces the 
swelling of the gelatin when present in relatively high concentration, 100 g. per 1. or 
above. It tends to slow development somewhat, perhaps due to reduction of diffusion 
rate, but that is a rather small price to pay for the additional safety from damage by 
warm solutions. The sulphite of the developer itself has a similar tendency to 
restrain swelling of the gelatin, though it appears less marked. However, the quan¬ 
tity of sulphate required is less in the presence of high sulphite than with low sulphite 
concentrations. The protection afforded the emulsion by s\dphate-sulphite com¬ 
binations is not permanent, hence hardening baths designed to impart permanent 
hardening to the emulsion should be used after these “tropical developers.” 

Silver Halide Solvents .—The use of silver halide solvents has been proposed for a 
number of purposes, the most extreme of which is combined development and fixation. 
To secure this action a rather vigorous developer is required, as development must 
proceed in spite of the simultaneous fixation. In concentrated fixing solutions, 
fixation is often complete in 1 to 3 min. Such times are too short for development 
under these conditions, so low hypo concentrations are used to permit sufficient time 
for development. These methods, while possible, have not supplanted the use of 
developer and fixer separately and are rather rarely used. 

When less drastic effects are sought weaker solvents may be used. The Ciffect of 
the solvent action of sulphite was mentioned in the discussion of that chemical. 
Attempts have been made to secure fine grain by the addition of other weak silver 
halide solvents such as ammonium chloride and potassium thiocyanate. These have 
met with some success, but the presence of a silver halide solvent does not by itaelf 
insure fine-grain development. 

Sometimes these silver halide solvents are used to modify tlie tom^ characteriHticH 
of the final image. This image is normally made up of finely divided silver whicih do(Wi 
not have any inherent color of its own but appears in tones of nearly neutral gray, as 
usually viewed. However, there is frequently a residual tone which (hipends upon 
the particle sizes from which the image is built up. Fiuo-grain deposits usually tend 
to show greater departures from neutral grays than coarscu- deqrosits, l)ut th(' color of 
the deposit has not proved an accurate measun^ of graininoss for coarse grains may bt‘ 
mixed with others fine enough to give a tone to tlu^ deposit. This disc.ussiob of imag(^ 
tone is given to suggest the probable mechanism of the action of silver halide solvents 
in affecting image tone. The image tone is not primarily important in m^gtitives, 
though it has an effect there, as colored dc'posits frequently print iis of greater contrast 
than their visual appearance or densities would indicate. It is primarily important, in 
positives, paper prints, lantern slides, motion-picture prints, and the lik<u 

In reversal work it is usually necessary to sec.uni a phuising totu^ in tlu^ final image, 
and silver halide solvents are .sometimes us(al to improve the tone (piality by changing 
it from a brownish-black to a neutral or blue-black (piality. When used in the first 
developer of a reversal process, the .solvent probably dtssolves the ('xtremely fine grains 
first, dhese grains are usually slow pla^tographically a.nd would otherwise remain to 
form part of the final image, thus giving foggy or plugged high lights and a lirownish 
tone. 

Blue-black Agents. Other compounds have been found which affect the tou<* 
quality of the final image. Presumably this is through an effect on th(^ aggrc'gation 
of the silver of which the deposit is made. 
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“Blue-black” Agents 
Quinine hydrochloride 
Quinoline 
Pormocystine 
5-Nitrobenzim.inazole 
2, 4, 6-Trim ethylphridine 
Triazole 
Benzotriazole 
Iminazole 

2-Methylbenzoxazole 

2-Methylnaphthothiazolo 

Pseudo-thiohydantoin 

Diphenyliodonium nitrate _ 

lodophenyl-phenyliodonium (diloride 

These blue-black agents are used in developers at coiuienti’ations around 1 part in 
1000 to 1 part in 10,000. Like the antifogging agents, even a slight addition of these 
agents retards the initial appearance of the image and generally prolongs the time for 
complete development. 

Additions for Fine-grain Development .—In the effort to secure fine grain many 
other compounds have been added to developers. Work of this kind is particularly 
difficult, as there is no universally accepted way of measuring graininess, and hours of 
painstaking work must go into the evaluation of any change. It is not surprising 
therefore to find disagreements between workers and evtui contradictory results in 
repeated tests under supposedly similar conditions. 

Opposed to the careful and painstaking work done by some, there are many evi¬ 
dences of mysticism and wishful thinking in this phases of the literature of photog¬ 
raphy. To illustrate the wide range of additions which have laHvii tried, the following 
list was prepared, covering additions suggested for p-ph<myhuKuliamine d(welopers. 
This list is presented without any attenupt at judgnumt of the value of tlu^ suggestion 
but only to show the range of matc'rials. 

Additions Suoraos'i'En fou PAKAPmaNYLKNEDiAMiNio DiQVEr.oPEKS 
Other reducing agents; 

Metol 

Hydroquinone 

Pyrogallol 

p-Aminophenol 

Pyrocatecdiol 

Rubinol (alkyl-substituted pyrogallol) 

Resorcinol 

Glycine 

Alkali agents recomnumdc'd: 

Sodium carbonate 
Lithium hydroxide 
Disodiurn hydrogen phosphate 
Trisodium phosphate 
Ammonium hydroxide 
Ammonium carbonate! 

Potassium carbonat,e 
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Sodium metaborate 
Acetone 

Miaoellaneous agents recommended: 

Sodium sulphate 
Sodium bisulphite 
Sodium nitrite 
Sugar 

Nickel chloride 

Nickel ammonium sulphate 

Benzoic acid 

Boric acid 

Salicylic acid 

Tannic acid 

Potassium bromide 

Pinakryptol green 

Isopropyl alcohol 

Two-solution Development Processes.—^In the discussion just concluded, develop¬ 
ing formulas mixed as a single solution have been tacitly assumed. It is not necessary 
to so compound a developer, as the ingredients may be dividtid into two portions. In 
general the same compounds are used, and they fill the same roles in th<^ development 
process, but the reducer and preservative may be used as one bath with the alkali as 
the other. When the bath is so divided, the emulsion is first soaked in orui portion, 
then transferred to the other for actual development. Thus, if thc^ emulsion is soaktnl 
in the reducer solution and then transferred to the alkali, only a limit<'d amount of 
development is to be expected because of the limited quantity of reducer present in 
the emulsion. Successive transfers back and forth from one part to th(^ oihc'r hav'C! 
also been suggested to secure and control the desired contrast, l>ut nont^ of th<;s<^ two- 
solution methods have yet been widely used. Adequate control of single solution 
baths has proved simpler. 

Change Produced by Development.—Macroscopically the fdiange jirodiuM'd by 
development is the formation of a visible silver image proportional, at h'ast ui>proxi- 
mately, to the original latent image. Microscopically this consists of the reduction, 
i.e., development, of silver halide grains. In general, except for fog, only those graiim 
develop which have been rendered developable by exposure. Excaqitions to this havci 
been noted in the case of some grain clumps, where the whole group has chvvidopiul from 
an original exposure of some one grain. The silver grains produced by <h'velopnien t 
bear a general resemblance to the parent halide grain, Init tht^re is no longcir tlu' shariily 
crystalline structure of the original halide. Development appi^ars to take pliuw by 
the deposit of silver at one or more centers or nucleuses, spnnuling from tlu^sc^ until iht^ 
entire grain is developed. 

Closely adjacent grains frequently appear to fuse and form clumps mu<di largtn* 
than the individual grains in size. This clumping is one of the most important fact.orH 
in the graininess of the final developed image, and it is through (control of l.liis factor 
that control of graininess is frequently sought. The use of sulphite and silver luilitlo 
solvents in the reduction of graininess by separation of the individual graininesH Iuim 
already been mentioned in the discussion of their functions in developers. Tlui Hi>t;<*ifict 
effect of different reducing agents will be considered in the next section disiuisHing; 
fine-grain developers. In present-day emulsions, the largest grains have dinumsiou.s 
of only a few ten-thousandths of an inch, and if no element larger than this cixistc'd in 
the finished image, graininess would rarely be a trouble with current practices. 
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The distribution of developed grains within an emulsion layer is frequently far 
from uniform, though the layer is usually 0.001 in. or less in thickness. Variation of 
exposure with depth is one factor affecting this distribution, and variation of develop¬ 
ment with depth is another. This latter effect is probably less than the former,’ with 
formulas in common use, but separation of the two is difficult. 

The thickness of the final dry developed emulsion layer often varies because of the 
removal of the bulk of the original silver halide in regions of low density and the reten¬ 
tion of the silver grains in regions of high density. Thus the final surface may show a 
relief pattern due to the volume differences introduced by processing. 

Fine-grain Developers .—The various efforts to produce fine-grain images center 
primarily around control of grain clumping during .processing. This is not the only 
aspect of graininess, as three general phases are qualitatively recognized, though rarely 
cpiantitatively separated. In ascending order of unit size, they are: 

1. The effect of the individual silver grains. These are usually but slightly larger 
than the elementary silver halide grains from which they were produced and conse¬ 
quently become visible only at the higher magnifications. 

2. The effect of clumping of the particles. Some of the factors affecting this very 
important aspect of graininess have been mentioned, but they will be reviewed here to 
bring them together. 

3. The effect of nonuniform distribution of clumps. This is, perhaps, the least 
definite of the effects. 

Such separation into classes as has been practically attempted appears to be based 
upon some measure of magnification at which graininess disappears, or appears to 
rnatcdi a standard grainincss. At different levels of magnification the various effects 
become aijparent. It is the second effect, clumping of grains, which appears as of 
great(ist importance in current procedures. 

In the discussions of sulphite and silver halide solvents in developers, it was pointed 
out that an effect on grainincss was sought through solviint action on the surfaces of 
the grains which woukl tentl to ket‘p thmn s(q)arat(‘. and prevent clumping. This 
(fffect is suggested as the primary mode of action of the common borax developer 
formulas as firu;-grain developers. 

Much work has been done in the attempt to dis(a)ver any specific fine-grain charac- 
tc^ristics whi(di may itilu^n^ in various reducers. Tlu^se attempts have been quite 
generally unsuccessful, and no rcMlucer has nuuuved wide credit as having fine-grain 
characderisticH ex(H'ipt paraplumykmediatnine. This has been recognized for many 
years as having specific fine-grain (^liaractm-istics. dVo disadvantages have l)een 
found to its use. It produces a dermatitis on some skins, but this is not a very serious 
ol)j(!ction, sima^ it is readily possible to avoid contact with the powder or the solution 
by can^ful handling a.nd usc^ of glov('H if iKHshHl. Th(>. s(U‘.ond is more serious. Para- 
phenyh'ru'diamiiu', used alone uruh'r (londitions to produce minimum grain, does not 
pro(luc(i such high thT('c( iv(^ emulsion spe(als as some of.lu^r developers, e.g., the borax- 
tyi)(^ (l<‘V('lof)cu-s. D(W(‘lopm('nt times are nil.lier long, and attempts have been made 
to obvia.t(( both disa,dva.nta.g<\s by us(^ of additional ctompounds in the developed. The 
gnuitcwt succ'css appears to ha.v<' beem obtaimul by tlui addition of glycine as a second 
r(Mlu(^('r with the paraplnmyk'm'diainirxi. 'Phe raU^ of dcivelopmcmt is increased and 
the: e:ff<'(div(^ ('rnulsion spcaal is higb<*r with pra.<‘tica.lly no <^hai»go in grainincss. 

'Tln^ (^xtrenu'Iy wide range of additions which have Ixum tried with paraphenylene- 
dia,min(‘ was nottal in ati (airlic'r paragraph. 

Some succu'HS has a.ttemh'd the (dforts to secuin^ fine-grain results with other 
r(Hlu(!(‘rs. Various nnains of prolonging dev(dopment have l)een tried. Tluise have 
irudiKkal dilution of (k'velojx'r arid nsluctions of pH and in a f(;w (uisciH, firu'r grain 
has n'sidtcd. (Ireatc^r succu'ss appears f,o havei betm obtained by the addition to 
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developers of ammonium chloride in relatively high concentration. This was sug¬ 
gested in 1904^ with concentrations of 150 to 200 g. per 1. mentioned. The U. S. Pat. 
2053515, issued in 1936, covers a fine-grain photographic' developer comprising 
metol-hydroquinone as developing agent and ammonium chloride in amount sufficient 
to produce a fine-grain image. 

In all attempts at fine-grain development, full advantage should be taken of all 
conditions tending toward that end. So.me workers have concluded that fine grain is 
nothing but low gamma. This appears an oversimplification, but it is very generally 
true that low contrasts contribute to fine grain. Similarly, overexposure usually 
tends to increase graininess. Thus for minimum graininess negatives should be 
developed to as low a gamma as consistent with the work, and the exposure should be 
the minimum necessary to give the detail required. 

Development Quantitatively Considered.—Quantitative studies of development 
have been made to establish a basis for its theoretical consideration and for the very 
practical purpose of control of processing. In using any new emulsion or developing 
formula, it is necessary to choose a developing time which, under the conditions of 
xise, will give the contrast desired. Thus the quantitative study of development is 
of basic theoretical and practical interest. This study may be carried out through 
measurements of growth of either gamma or density as development proceeds. 

When the study is based upon gamma, the attempt is made to determine the 
relationship between gamma and time of development. It is usually possible to 
express this relationship approximately through an expression of the form 

T = TmCI — (1) 

where •y = the gamma produced in the time /; 

■y„ = the maximum gaxnma produced on prolonged development; 

K — the velocity constant, so called. 

Figure 1 shows this type of equation, represented by the solid line, plotted to approxi¬ 
mate actual experimental data shown by O’s and the dotted line. It is at once evident 
that this does not fit exactly and, in general, regardless of values of -y* and K chosen, 
only two points can l)e fitted. A noticeable difference between the two curves always 
occurs at low values of t as the equation shows finite values of y at times shorter than 
that actually prodinving any measurable effects. 

The period before any measurable development occurs is called the '‘induction 
jxeriod.” It has no counterpart in the equation above, but a second, slightly different, 
equation takes account of it. The expiation 

T = 'y»[l — (2) 

may be made to fit three points of the experimental data and specifically allows for an 
induction period through the term ^o- This insures better fit than with the first 
equation; but it should be considered as only an empirical representation. 

The equations just given approximate the relationship between y and time of 
development. If, instead of y, the progress of development of density for a given 
exposure is determined, the growth of density is found to be quite similar to 
the increase in gamma. In many cases, the family of sensitometric curves represent¬ 
ing the results of different development times have straight-line portions which, when 
extrapolated, intersect in a point, called the tie point, which may be on or below but 
rarely is above the Z) = 0 axis. For the c,ases where a tie point exists and lies on the 
D = 0 axis, the growth of density of a point on the straight-line portion of the curves 
may be represented by equations of the same form as those used for the growth of 

iLTrMiJsaB, A., L.. LuMiisRE. and A. Seyewbtz, Brit. J. Phot., 61, 866-867 (1904). 
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y. Thus there are two equations, 

D = DM - e-^^) ( 3 ) 

and 

D = D„[l - • (4) 

corresponding to the two similar equations for y. 

Where a tie point exists but is depressed below the = 0 axis, the equations may 
be written in the foriu 

I) = D„ ~ {/)„ + (5} 

and 

J) = - (D„ + (6) 

where D,, is the magnitude of the depression of the^ tie point, and, as usual, the con¬ 
sideration is limited to points on the straight-line portion of the sensitometric curve. 

These equations are empirical in nature and difficulty will often be experienced 
in trying to apply them to too wide a range of developing conditions, particularly if 
emphasis is placed upon-the very early stages of development. 

In many cases the existence of a tie point is doubtful or definitely disproved. 
Under each conditions the similarity here apparent between y and D equations will no 
longer remain. 

The practical value of any of these equations lies in the ability to use them to 
interpolate or extrapolate from existing tests to other conditions. Thus, if we wish to 
develop a negative to •y = 0.9 and have tests showing the times required for, say, 
y = 0,7 and y = 1.0, int<^rpolation is necessary to detertnine the correct time and may 
he done by the evaluation of the first y equation. Of course, a worker who frequently 
meets such problems as this relatively simple case will very quickly learn to estimate 
corn^ct. tirmvs much rpore <iui(!kly than they can be (‘.alculated through the use of the 
etpiations. Tin; importance of ,the mathematical methods increases as processing 
conditions are controlltKi more and more accurately, but for many amateur and com¬ 
mercial procedure's, high preudsion in interpolations of the type indicated is nullified 
l)y poor te<dmi(iue and lack of the (>xtr(une care necessary to obtain reproducible^ 
resultH. 

Uonsidernble (dTort has been si)ent irj th<^ attempt to learn the true nature of the 
(Uwedopnumt process and to id(vntify the various stages with corresponding (ionstants 
in th(“ e(iuations. d'hus the tim<' of i)enetration of the dc^veloper into the emulsion, th(‘ 
invasion pliesc^ or induction p(‘riod, is considered the; counterpart of th<^ <„ of 
the e<iuations. 

DilTusion of the d(w<dop<u- in, and of prodmds of development out of, the emulsion 
musi play an important, part, and sonu' efforts have been made to trace the course of 
<hiveloi)ment through tlu'se i)roc(5Hses. 

Adsorption th(H)ri(>s of dc:V('lopm<ud, have })een advance<l a, Iso, hut none of thes<‘ 
a,ttem[)tH to study tlui (hwedopnamt process has yet svipplanted the much simpler 
empirical ndationships given above for practi<‘al interpretation of rat(^ of d(!v<‘loi>n>ent 
data. 

A bri('f matlaanatical study of sensitonadric curves and devedopment data has 
naamtiy beam i)ublishcd,' basc'd upo!) a.j)proximations (hwigraal to repn^semt statistically 
emulsion cotalitions a,ial dev<do{)rnent processes. The n^sidts obtained show unusually 
good agreement b(d,vv(‘<m calculated and ohserv'cd values. The mathematical forms 
used dt^pcual upon many simplifying assumptions of a tyioe which seem reasonable but 
for which litth^ dire<‘t exp(^rimental evideia'c exists. Hence the final fit may be viewed 

> Albidiishioim, W. j., J. Soc. Motion Picture Engre,, 29 , 417—455 (1937)* 
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either as evidence of the qualitative correctness of the assumptions or as the happy 
choice of equations having reasonably correct form and enough constants to permit a 

fit. 
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CHAPTER XII 


TECHNIQUE OF DEVELOPMENT 

By D. R. White and J. R. Weber 

The two most important physical factors which influence the rate and course of 
development are the tciinperatui’e and the agitation of the solution. In addition to 
these principal factors there are others also, each of which plays its part, having a 
secondary influence on development. They include such factors as the position 
of the emulsion layer in the d^sveloping solution and the effect of adjacent areas. 

Most of the mechanisms introduced in photographic development have for their 
object adequate control of temperature and agitation. Even when no special 
mechanical aids are used, it is still necessary to adequately control them to secure 
the results desired. 

Control of Temperature and Effect of Variations- —In common with so many other 
chemical rea(!tions, an increase of temperature increases the rate of development. The 
rat(i of increase of activity with increase of temperature is different for different devel¬ 
oping agents. A characteristic, named the “temperature coefficient,” has been used 
as the quantitative measure of the change of activity. This is defined as the ratio of 
the development times required to produce equal density at two temperatures differing 
by U)“C;., wliich is, of course, a difference of 18°F. The values obtained range from 
1.3 for metol aUme, through 1.9 for pyro and metol-hydroquinone combinations, to 
2.6 for gly<une. In many charts and guides in practical use, the results are not 
expr(*.ss(!d in thci form of the temperature coeflicient. Most frequently the tabulations 
an^ in the form of Hp(H*ific developing times for specific temperatures. In some cases, 
tiu! subject is covcired more broadly by giving dcwoloping time ratios or percentages 
such that, if corn'ct tiiru^ of chwclopment is known for one temperature, it may be 
c,alc.ulat(al for other temperatures. T.hesti values do not always agree with the ones 
which may Ixj (udculatcxl from th(( temperature coefficients given. This may indicate 
t.hat thc! temperature iHxdlicicnt is a lunctit)n, not of the reducer alone, but of a .specific 
formula.. If this is true, the dilfcrenc.es may be trues ones, (sach applying to its own 
specific c.a.s(!. On tins othesr hand, the practical tables rarely cover as wide a range as 
18°F. (I()"0.), and lusmas the differences found may be only differences in the precision 

of determination of the effect of temptwature. 

Table 1 gives tlu^ ratio of the devidoping time for temperature t to that at tem- 
p(n-atun( 66“h\, calculahxl on tlui basis of a temperature coefficient of 2.2. 

Tluisci valmvs, of c.oursc!, cannot be in (ixa(d. agreement with all the specific recom- 
nuunlations for sixaufic^ formulas, but they are a fair approximation of the general 
trend of the riHiorninendations for m<dol-hydro<iuinone and p-phenylenediamine devel- 
op(n-8 and may tluindoni be used in varying times to compensate for temperature 
changes of such <levek)pers with reasonable certainty that the result will be sati.sfac- 
t.ory for i)rac.ti(uil purposc^s. If tlui work is extremely exacting, temperature variations 
should b(i avoided, or, if unavoidable, values fitting the speidfic conditions should be 
dctermiiHHl. 

It is not universally agreed that change of time can compensate for all the c.hangivs 
introduced by cliange of tmnpm-al.urc. This point is particularly strong ni the con- 

361 
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sideration of developers having more than one reducing agent, which will, in general, 
have unequal temperature coefficients. Here it appears probable that one reducing 
agent will be affected more than the other with consequent variation in the final result. 
For small variations from standard temperature, time compensation for temperature 
change may be used even in this case, though it may be impossible for llirge variations. 

In view of all these factors, it is the best policy to hold developing temperatures 
to standard values where good reproducibility and uniform high quality are recpiired. 
Many mechanisms and devices have been suggested to secure this desirable result 
under the extremely wide range of conditions and equipment encountered. 

Table I.— Developing Time at Various Temperatures 



Time at temperature t 

t 

Time at temperature 65° K. 

62 

1.15 

63 

1.10 

64 

1.05 

65 

1.00 

66 

0.95 

67 

0.91 

68 

0.87 

69 

0.83 

70 

0.80 

71 

0.77 

72 

0.74 

73 

0.71 

74 

0.68 


The most common device in use is a water bath. In small or improvised chirk- 
roorns this may take the simple form of a large tray or tank filled v\dth watiu* of the 
desired temperature in which the developing tray or dish is set in sucdi matuu'r as to 
be as completely surrounded as possible. In more elaborate installations tlu^ sanu* 
principle is used, but frequently the water in the l)ath is its(ilf circuilated, agitatinl, 
and thermostatically controlled to uniformly maintain the correct teinjieraturiL 

In other systems, coils are used to secure the heat transfer from dcwelopt^r (,o 
thermostatically controlled systems as required to maintain uniform temperaturc^s. 
This is most common in the largest installations, such as the motion-picture processing 
laboratories where jacketed tanks having the required capacity of several humlred 
gallons would be unnecessarily expensive. 

The most common requirement of these systems is ability to cool the solution, for 
the desired developing temperature is often 65 or 68“F., either of which is below usual 
room temperatures in the common installations. Surprising as it may sci'm, nuunbers 
of the second Byrd Antarctic Expedition report that this cooling of devidoper was otu^ 
of their difficult photographic problems while staying at Little America. 'Their water 
supply was melted snow, and, after melting and passing through the pii)es in l.h(‘ rooms 
warmed for their habitation, cool water was at a premium. Where a supply of cool 
water is available, the simplest procedure is to cool the bath with a strenun of i(., as 
.needed to maintain the desired temperature. The ability to use this means is smisonnl 
in many places, and hence more elaborate means are often required, particularly under 
summer eonditions. 

With present-day perfection of small units of mechanical refrigeration, t.h('y have 
been quite generally introduced for the control of medium- to large-sized installations. 
The general scheme of control has to be fitted to the specific equipnumt, and ac<‘ord- 
ingly the details will differ. Temperature changes during processing and washing a rc 
undesirable; hence it is usually desirable when making an installation of this t ypi^ to 
provide for the control of all the processing baths and the wash water as w(dl as of thci 
developer itself. 
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Many professionals and most amateurs must work with less elaborate installations. 
The refinements of properly connected refrigeration with thermostatic control are 
things to dreapi about but not to use. Ice cubes from the refrigerator take the place 
of heat interchangers and thermostats. When cooling solution by such means, a water 
bath should be used, with the ice in the bath, not in the developer. Of course, it is 
somewhat quicker to cool with ice directly in the solution, but the dilution produced 
by the ice as it melts is an uncertain and undesirable quantity. 

Water baths are occasionally cooled by the cooling effect of dissolving crystalline 
hypo. This is a hazardous method for photographic processes, as accidental splashes 
of the hypo Solution can spoil the developer or make clear spots in the emulsion. 

Influence of Agitation of Developing Solution.—The influence of agitation on the 
cotirse of development can most readily be visualized by consideration of the develop¬ 
ment process as it actually takes place. The silver halide grains are embedded in a 
binding agent, usually gelatin, which hinders diffusion of chemicals to and from the 
solution. Thus, as development proceeds, there is a tendency for development prod¬ 
ucts to collect locally and hinder development. At the surface of the gelatin layer in a 
region of high density there is a corresponding increase in concentration of develop¬ 
ment products due to diffusion from the layer when the body of the fluid is undis¬ 
turbed. At a low-density region there is low concentration of these products as there 
has been little development. If now the solution is agitated, the development prod¬ 
ucts adjacent to the gelatin layers will bo washed away and evenly distributed 
through the body of the solutioti. This facilitates diffusion of fresh solution into the 
layer and developnuint products out of the layer. In the region of high density a 
consideral>le increase of development is the result, l)ut at the low density little change 
results. T'liis nets an incrc^ase in y, for agitated development. 

Practic^ally, it r(i<|uires great care to seo.ure nvproducible agitation. Completely 
stagnant dovfdopment i.s pra(dically impossible due to the mechanical requirements of 
placing the film or plate in solutiorj. VioUuit agitation is th(^ other extreme, and it 
has proved inorc^ practical to secun? uniformity of development through agitation 
t han t hrough either (loinpletc; stagnation or spcicified intermediate agitation. This is 
probably due to the fact that development does not increase indefinittdy as the rate of 
agitation inereast's l)ut rcnudies a maximum or constant valvie, beyond which further 
incroasci in rate of stirring is no lorigor effeetiv(\ A few cases hav(^ been noted where 
the most viohmt agifation te^st.ed even nisulted in a decrease of dcivelopment. No 
(uitirely satisfactory <‘xplHna,ti()n of such a diH-rease of developirumt with lugh agitation 
has ytd Ixhui found, hut the initial incrcnise of developmerd, with rate of agitation is 
probably du(' to the diffcu-enet^ in rapidity of nunoval of development products from the 
surface of th(^ la.y(‘r into tlu^ body of the liijuid. Th(^ limit, for this effect would a,pf)ear 
to lx; that whicdi would r(;Hult from continuously supplying fresh developer to the 
(;rnul8ion sutbux'. 

One factor in(lu(;neing nwuUs luuhir conditions of low agitation is this; Th<; pro<l- 
ucts of (l(;v(;lopinent aix; usually of gr<'at<;r (l(;nsit.y than tlx; d(;v(;loping solution and 
lx;n(;<; tetxl lo sird< utxh'r tlx; influeix-e- of gravity. Ac(;or<lingly it has soineii!a<;,s 
been sugg<iHt<‘<l that plati'S or tilins should 1)<> supported face down in t lx; (h'veloping 
solution to s('eun; opt imum (x)iHiiti()tis for <levt;lopm(;n(,; .soiix; nxM;ha.uiea.l d(wi(;es hav(; 
lx;(;ii mad(' to do this, and at tlu; saim; time (;r(;Ht(; high-circulation v(;lo<;iti('S close; to 
the (uuulsion surhua;. 'I’his procredun;, c.arri<;<l to the; limit by pr()i>(;r agitation, prob¬ 
ably prodixa'H tlu; maximum d(;v<‘lopttx;ni wlucli (“an be obta.ined from a giv(;n dcvel- 
o]x;r formula ami film at any om; i(;tniK;ral.un;, kIucc; it ap[x;ars that advantage' is fully 
(ak(;n of all tlx; physical factors affecting tlx; n'siilt. 'This HyHt(;m is randy us(;d, as 
a,d(;(pia.t.(; rcsidts can usually lx; obtain(;d b^'^ simpler nx'ans, a. mimbcr of which an; 
discussed ot) pages 351 357. 
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Stagnant Development. —As pointed out before, stagnant development is a limit 
rarely if ever attained, but in many practical cases agitation is so slight that it con¬ 
tributes little to the final result. Many classes of photographic materials are frtv 
quently developed by these methods. They include roll and cut films, radiographs, 
plates, and motion-picture film when handled on racks. Only the simplest 
mechanisms are required as the emulsion is merely supported, at rest, within the 
bath. The virtue of simplicity is marred by the fact that small residual effects inter¬ 
fere with the uniformity of the results. Unless the bath has just been thoroughly 
stirred, there are apt to be small thermal currents moving the developer enough to 
cause streaks. If the film or plate is put in quietly and smoothly, air bells are apt to ho 
formed and cling to the emulsion, resulting in round white spots in expostnl amas. 
Again, with such careful introduction of the film into the developer, clips and hang<'ira 
are apt to leave marks from swirls and eddies which they cause in the solution. Th(^ 
introduction of a second film near one already partly developed may caTise strt'aks on 
that for similar reasons. Vibrations of developing trays or tanks cauH<Hl by machinery 
not associated with the processing at all may set up enough developer agitation to 
produce streaks and uneven development, particularly near holes in hangers or near 
clips holding films. 

The best practice, when this general type of development is to bcs used, includes: 

1. Thorough preliminary stirring of the developer to secure uniform conditions. , 

2. Thorough agitation of the film or plate when first introduced to dinlcxlgc^ a ir hells. 

3. Avoidance of all conditions leading to local streaming or agitations of t.Iui 
developer. 

Tray Developments. Hand Agitation .—Many systenis and proc,(xinr<^K havt' bc<Mi 
devised to secure agitated development in the shallow trays used for so mueh photo¬ 
graphic work. They range from the simple turning or moving of prints to elalmratc, 
accurately timed rocking and brushing cycles. 


In the simpler schemes the agitation is secured by mo^(^ or less ran<h)in Imndling 
of the films or prints. At times this is a definite program of moving th(‘ units from one 
place in the tray to another. Sometimes this is coml)inod with tray tijiiping to hcxmiiv 
peater agitation. With paper prints this is partkudarly practical, as the (UwelopiiKuit 
is usually carried out by inspection, and minor variation in the time tak(ui to vimio to 
the desired quality is not usually very serious. 

This simple system is not adequate where a(‘.curat(dy reprodiKubh* rc'sultH an^ 
required. Accurate sensitometric testing necessitates thc'higlu^st possibh' precision, 
and hence great efforts at development control have boon made in sensitomet ric Inborn,- 
tones. Three classes of systems have been introduced to me(d, th<‘ r(Hniir<'mf'nt.H. 
differing in their mode of agitation. The three dt^pend upon (1) roc'k<nl trays, (2) 
brushes, and (3) squeegees and agitator blad(\s. 

Rocked Trays.~ln using rocked-tray development for sensitonud ric purpows, a 
definite, timed routine of rocking is usually si^t up. Tho. trays usinl ar<‘ emstoinarily 
<leeper than pe usual developing trays to permit stecspi'r angli'a and t hus H(‘eure more 
violent washing effects as the developer sweeps across the emulsiou Hurra.ee. 'I'he films 
or plates, as needed, are laid or fastened in the tray to hold th<mi niechanicnlly. A 
typical cycle consists of tipping the tray to an angh^ of 30 to '1.5“ in each of the four 
possible directions, completed three times caidi miuutc', thins giving vm-v comnhd.e 
agitation, and renewal of the developer in contact with the emulsion surfaiv 
Attempts have been made to substitute mechanical rocking, for the hand HV.stem, but 
these have been unsuccessful owing to the rather peculiar difficulty that t he’v wen* loo 

[nrnr?n Preferred paths tended to appear, with resultant systematic stivak- 

ng or unevenness The slight irregularities of even the best hand svHteins app(>ar to 
be enough to eliminate these, and hence net a better result. 
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The complete timed system is rarely applied to practical pictorial photography, 
but it is approximated in varying degrees. Tray rocking is sometimes accomplished 
by a shelf tipping with attached pendulum as driver, and sometimes by direct manual 
effort, but these are rarely carried to the extent frequently used for sensitometric 
testing. 

Brushed Development and Roller Squeegees .—A second method for thorough and 
complete agitation of developer during tray development substitutes the brushing 
of the emulsion surface for the washing effect obtained by the tray-rocking procedures. 
For purposes of reproducibility this also requires a timed routine of operations. The 
brushing of the emulsion surface also introduces new hazards to the development. 
The brush must be soft to avoid scratching the emulsion. It may introduce foreign 
chemicals into the developer, as it is difficult to keep it thoroughly clean. These 
troubles are not insurmountable and brushed development is one of the best methods 
for securing uniform development within one development group. There is little or 
no evidence that the final comparisons between successive developments will be better 
than can l)e obtained by other means as that depends so greatly on other factors, such 
as the precision of timing, correctness of temperature, similarity of batches of devel¬ 
oper used, condition of fixer, temperature of wash water, and drying conditions. 

This method of developer agitation is little used except in work where greatest 
uniformity is required. This is much more commonly needed in scientific and sensi¬ 
tometric work than in pictorial work. 

AllitMi to the brushing method is the use of velvet-covered roller squeegee, rolled 
ov(U’ the emulsion surface. This replaces the sliding contact of the soft brush by the 
rolling contact of the soft squeegee. The hazards are very similar, and its use similarly 
limited. 

Blade Squeegec.'i. Windshieldr-wiper Methods .—Functionally the purposes of any 
of th(\se agitation rrHithods is to secure freqiumt and rapid change of the developer in 
contact with tlu; emulsion. With this in mind, squeegees shaped like windshield-wiper 
blad(^s hav(! been us(h 1 with the blade ru^arly, but not quite, in contact with the 
t'mulsion. As tin* l)la.de is moved vigorously along, high turbulence is produced at the 
{'mulsion surface' giving the uniform high agitation desired. In some cases the vcdocity 
of tli(> moving hinder has Ixa'n made higlicu' than the vtdooity of a wave in the tray of 
devclo|)er. The result was very uniform development, but the technique was hard on 
tlu! surroundings, owing to splashing and slopping of the developer. 

Mta'luyiically, tlui guiding has been souud.inu^s acaiomplishod by setting the plate 
or (ilin in a recess in the bottom (»! th(i tray !uid then using a solid blade, rolling or slid¬ 
ing ov(u- f lic recess whic^h is made of Hindi dtipth as to give small uniform clearance 
Ix'tweiui the blade a.nd the emulsion surface. 

Tfiis sysU'in is also confined to work requiring a higher degree of development 
uniformity Hum usually neixled for pictorial purposes. ^ 

Mechanical Agitation and Circulation Systems in Tank Development. —Aside from 
imx'haniiuil devices iirimarily intended to mechanize the systems just described, there 
ha.vc^ IxH'u many Hystems introduced to provide mechanically the agitation and circula¬ 
tion iK'ci'ssa-ry for agitated development. The dcdails depend upon the type of work 
Ixung (lone, but in geiu'ral they involve only a. few basii^ elements. Tlxisc arc: (1) 
motion of tlxi emulsion and its support through the develoiier; (2) low-velocity circula¬ 
tion, HU(d> as fnxnK'iiMy asHociul.ixl with tcniperature-control systems; (3) high-vidocity 
jets and lurcuhition; (4) sipiecgi'CH. 'rhese systems havi^ bci'n Iirought to their greatest 
technical ixu'fection for work in and asHocinlcd with tiu' motion-picture industry, and 
(xmsiujueutly (lie details given primarily descrilx' methods and practices found there. 
If the ('xpense is warranted, these methods can be adapted to other photographic 
products, but the large amount of film processed, vvliieh i.s handled in long lengths, has 
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resulted in specialized processing madiinery not encountered in. th© other branches of 

photography. i. , . 

Moving Film .—In mechanical handling of motion-picture film, one of the simplest 

and most obvious procedures is to secure agitation by the progress of the film through 
the solution. In fact, this agitation can only be avoided by rack and tank or various 
of the reel methods of developing film and is always present in any continuous develop¬ 
ing machine. The development produced has its own peculiar characteristics when no 
other agitation is used. It is particularly subject to streaks, as unequal relative 
velocities are often set up with resultant nbnuiniform agitation across the film width. 
Development products tend td sweep back along the film, producing nommiformity 
of development. This is particularly marked ih the case of sensitometric tests, where 
the exposures progress systematically from one“^rea to the next. In this case rela¬ 
tively large differences can exist depending upori "“^he placing of the exposure on the 
film, low density or high density first. This sort of effect has lead to tacit standardiza¬ 
tion in developing sensitometric exposures in this type of equipment. By ctimmon 
consent the low density end is to lead in passing through the machine. W^ith the 
random distribution of densities in pictures, this effect rarely takes that fortn, but 
sometimes there are trails of high or low density back of low- or high-density areas, 
respectively. 

This limitation of the quality produced by the method is c.losidy allied to the too 
regular agitation noted for mechanically rocked trays. Greater turbulence is usually 
required. 

Low-velocity Circulation .—In addition to the agitation produciHi by the motion of 
film through the developer bath, it is well-nigh universal practii'.e to add a circulation 
system which pumps the developer around through a feed or storage tank as well 
as through the developing tank proper. The velocities produced by this system arc 
usually rather low, as its main purposes are control of tenqxu-ature and usi^ of a rela¬ 
tively large bulk of developer to insure uniform quality. In designing smdi systerns, it 
is desirable to make the rnost of the agitation so set up and to adjust the system to 
try to break up the tendency to produce streaks due to the film motion it.H(df. 

High-velocity Jets .—The low-velocity circulation is better tlian none l>ut cannot 
always be relied upon to eliminate streaks. As an extmision of this basic id(ui, high- 
velocity jets have been introduced to scour the surface of thi^ lilm and brt'ak up the 
streamline currents formed by the film motion. These j(d,s are operatiul undcir the 
surface of the solution to_ avoid, aerial oxidation, and in general must b© close to 
the emulsion surface to se^re' the desired effect. 

A variation of this idea^ designed to develop plates or cut films uniforndy has also 
been suggested and tested; The bottom of the developing tray (uui be madi' double, 
with small holes closely spaced drilled through thc^ upper pie(^(^, A pla.t(‘ to bt‘ dev(‘l- 
oped can be placed face down, supported a little above the tray bottom. riuflituent 
developer is used to adequately cover the plate and a pump is <*mploy(Hi t.o ma ke (’^at'h 
hole direct a stream of developer against the emulsion Hurfa,(r<\ With some' motion 
of the plate to avoid areas of high development C'f)rresp()nding t.o (‘ach jet, vc'rv uniform 
results were reported. 

^his, in conjunction with general idrcmlation and film motion, is pri>l>al>!\' capable^ 
of the most uniform results commercially obtainable todfiy. 

Squeegees .—Various designs of squeegees have been tested in tlu^ attempt to pro¬ 
duce uniform development under developing-machine eondititms. hixed soft squiu^- 
gees may be placed directly or obliquely across the line of film t ravel in eontaet or 
nearly in contact with the emulsion surface. Thus they aid. as ba-rriiu-s to t he devel¬ 
oper set in motion by the film itself and reduce the tendency to streaked nominifonn 
development. 
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Grood results have been reported with this systena, but it has not been used com¬ 
mercially to the extent of the other systems mentioned. 

Other Agitation Systems. For Laboratory Use .—In search for uniform reproduc¬ 
ible development, for test purposes a few other specialized devices have been devel¬ 
oped. One of these for which the best results are claimed utilizes a relatively slow 
circulation for temperature control and a violent turbulence at the emulsion surface 
produced by blades moving close to, but not in contact with the emulsion surface. 
This mechanism is primarily designed for film, and arrangements are provided to hold 
the test strips rigidly and accurately to provide uniform clearfince between the emul¬ 
sion and the agitator blade. This blade is driven by a reciprocating ra’eehanism, and 
the entire assembly is mounted in a thermostatically controlled bath. The film 
strips are vertical and the capacity is limited by practical rather than theoretical 
considerations. 

The high degree of uniformity reported for an extended series of tests cannot be 
entirely due to this machine but must also be due to precision control of procedures at 
all other points in the test system. 

In some test equipments the ol:)ject is not entirely the attainment of highest theo¬ 
retical perfection but is the simulation of commercial procedures, which, while they 
may be known to be lacking in some respects, may be the controlling objectives from a 
business viewpoint. Laboratory equipment designed to closely approximate com¬ 
mercial rnatihine eciuipimmt (in which the chief agitation is due to film motion) has 
bfien designed, built, and us(ul successfully. To bring this to a laboratory scale of 
size and yet not limit the linear speeds which can bci used, the film is formed in a 
loop and driven around aiul around at any desired lituuvr speed; no excessive bulks 
of solution are required, and tlui equipment can duplicate reasonably well many 
trade practices, yet b(^ subj<Hit to the refinement of control needed for laboratory 
work. 

Producing and Reproducing Results.—In a broad sense, there is no one standard 
universally apt)lieable by which to judge (‘.orrect development. In an artistic sense 
that devc^lopment is right which gives the <lcvsir(Hl result regardless of custom, habits, 
and normal eritnria.. In t(H‘hnical or scientific work tliere are usually rather narrow 
limits within whitdi ri'sults art' accurate and satisfactory. In commercial operations 
there an^ ofbm ph(|togra])hie st<q)s which must lx-! controlled within narrow practical 
tolerances to fit the photographic results to the iuuhIh of the other phases of the work. 
'Phe motion-picture induHl ry is the grea.t<‘st commercial user of photogi’aphic, materials, 
and gr(*at can' must he (^xerciscHl to maintain uniforiruty of development in order b) 
[)ermit tlie full artistry f>r the dinador, the c.a.nierHrna,n, the acdiors, and the actresses 
to (X)me through to (h<* ( Ix'a ter for the enjoynumt of the public. 

The final crit('rion of tlu' suec(‘SH of all i)hotogr;ipluc development is the suitability 
of tlu* n'sultant iniag(^ for its iateruhal fwirpose. logical ('xtension of this stato- 

inent k'ads to I li<* <a)nclnHi<)n t hat thci saitu* ('inulsion may rux'd f o l)o devudopod dilTerent 
ways for difTcn'iif jmr])OH(*H. As a. corollary, no devel<)i)n»ent can bo judged com- 
plc(,<dy for its (correcttu^s.s without ktiovv'h'tige of the juirposti whi(di is to be served. 
Wh(*n slated explicitly, these app(*aa' Iruisnis, but failun^ to conHidiu' tluun in their 
logical rc'lationshipH is ratluu' (“ommon. '^I'la* {iu<*sli<)n “Is this d(!V(‘lop(ul coriHUitly?“ 
has no aiisw«M‘ unHUf)ported by other circiunstaiKa^ and (condition. H<)W(!ver, we livt> 
in a world sued) that few of us are i>i()iu'ers, aiul, forlunatxdy, it is not ofhjii necessary 
to si,art. int.o uncharf(>d sc^as of “c^orna-t” and “incauTcud.’’ devedopment. In the 
('urly stng(*H of any photographic cxp<ui(‘nct* crit eria by which to judge (a)rrtavt develop¬ 
ment for the purfKKseH invoIv('d are h'anu'd by lU'ejsssity, to greater or less dt'gree. 
This initial information is u.HuaIly impart<*d along with soiiie s[)ecific bast or method by 
which to judges future dev(do[)mentH. 
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Such, methods may be divided into classes: 

1. Inspection methods, with or without desensitization. 
a. Image nearly developed. 

h. Initial image appearance (Watkins factor). 

2. Time-temperature methods (thermal system). 

3. Sensitometric and test exposure control. 

iTispection Methods .—^Judging development by visual inspection of the image as it 
progresses and grows is one of the oldest procedures of the art of photography. It 
was particularly necessary with the handicaps of emulsion variations and notixiniform- 
ity under which the photographers of an earlier day labored. It is still an important 
method for practical work, though the burden of processing control is shared ^)y otluu- 
methods in many laboratories, particularly those using photography for scientific 
purposes and those handling large amounts of bulk work. Progress in manufacturing 
control of emulsion uniformity has been an extremely important factor in influeiKung 
this trend. 

Two separate lines of attack have been pursued in the use of inspcHdion 
methods for development control. In one system, known as the Watkins factorial 
method, development is based upon the experimental observation that for oiu^ emul¬ 
sion and developer there is a constant ratio between the time to reach a given Ciontrast 
and the time of appearance of the image. This may be restated in the'! form 

Time of development = time of appearance X constant 


where the time of development refers to the development time for some contrasl, 
selected as suitable for the work and the time of appcarancie is the time; between imnM*r- 
sion of the emulsion in the developer and first appearance of the image. The const ant 
is known as the Watkins factor and varie^from emulsion to emulsion and from d(‘V(‘l“ 
oper to developer. To operate this system adequately, the time of appcairance of the 
developed image must be carefully determined. This is relatively easy with slow, 
noncolor-sensitized emulsions but becomes more difficult as the emtilsion spea^d is 
increased. This fact tends to direct the use of the method toward the slowc'r emul¬ 
sions, such as the paper, lantern-slide, and slo’vter negative emulsions. 

The second and older line of inspection control is baseni xipon judgment of tlu’i 
image as it approaches the density desired. It is subject to many of the; liinitntioriH 
encountered in the Watkins system but has many exponents. Experi<‘n<;e is r<><iuir<'(l 
when changing from emulsion to emulsion, as the darkroom ai)p(;Mran(;e of image's 
depends upon the emulsion used and not upon its contrast and densily nlom*. I) is 
most readily applied to the slower emulsions where illumina.tion 1('V(;1h inuv b<' high<*r 
than with high-speed emulsions. It is most valuable in the hanclH of a < horoughly 
experienced worker, where compensation in development is tolerable, and may l<*n<l to 
better final results than absolute uniformity of treatment. 

Desensitizotion ikfeiAods. Both of the methods enumerated above; may Ix' modilit'd 
by the use of desensitizers with color-sensitized emulsions.to permit more iliuminntion 
in the darkroom and hence better inspection facilities. Many c.ompounds ha v(' b<;on 
found which have desensitizing action, but not all are suitsiblc;. Hoim* produc** fog 
and others leave the latent image in such condition as to lx; parti(;ularly sul>j<“cf. to 
bleaching by darkroom lights used. Phenosafranine, pinakryj)i,ol gr(;(;n, and j)ina- 
kryptol yellow are the most common desensitizers. Th(;y are not. dir<;(dly iut('r- 
changeable, but any of them may be used in a separate bath prior to developnumt. 
Some difficulty has been experienced in producing a stable developer with {)h('no- 
safranine and hydroqumone in the same solution. No such trouble has bet>n found 
with pmakryptol peen, and this compound appears as the; one of the; thre'-e* most 
available for use directly in the developer, as its presence was not found to infhu'ne'c 
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the exhaustion life of the developer. Pinakryptol yellow is not suited to this use, as 
it is affected by the sulphite of the developer. A wide range of concentration has 
been used in the various experiments conducted. A concentration of 1 part in 20,000 
is intermediate in this range and may be considered fairly representative. The action 
of a desensitizer is by no means instantaneous, and a minute or so must be allowed for 
its effect to occur. 

The tests reported in the literature do not show clearly whether or not a desensitizer 
has a specific action on development. No large effects on contrast or emulsion speed 
are noted, where care has been exercised to avoid bleaching of the latent image by 
bright inspection lights. 

The action of desensitizers is presented as destruction of color sensitivity of color- 
sensitized plates, and hence they are considered valueless with noncolor-sensitized 
emulsions. The literature of dosensitizers is not increasing so rapidly as it did a few 
years ago, and this fact probably indicates a trend away from inspection methods of 
development control. Actually negative emulsion speeds have increased markedly 
and still appear to be on the increase as new products are manufactured and offered 
to the trade. 

Time-temperature Methods .—The time-temperature method of development con¬ 
trol, also known as the "thermal” system, is now widely recommended and used. 
Its success depends upon uniformity of emulsions and developer chemicals available 
to the photographer. Both factors are met through the present rtdiability and control 
in chemical industries. Basically the method is built on the thesis that, starting with 
a given emulsion an<l dcweloper, control of the time factor will adecjuately govern 
development, and, accordingly, successive exposures may be developed to the same 
gamma by giving e(iual time of devcdopimiut. In many castis, compensation of 
d(welopment time is introducu^d to allow for variation of the developcn* temperature 
and for exhaustion and aging effects through I’epeated use. This, of course, requires 
considerable preliminary information and rather cornph^te study of developer and 
dcvelopnumt chara.(d.(iristics under practical conditions. Of course, it is not practical 
for any on<^ organizai ion b) try to cover all the varijitions of amat(sur and commercial 
practice with all the vvid(^ly diffenmt formulas avaihibhi, but all the manufacturers in 
the Unitcal States are recognizing and (mcouragiug tl4^ time-temperature system of 
d<w(dopment (^onl.rol by the d(^v(tl()i)ment nfconinumdation normally given, whicdi 
takcis th<i form of a rcuioinmemhHl tinui at a <uwtain tempcu'ature in a specified formula. 

Of cours(\ this imdhod of developimuit ct)ntrol is not tlui panacea of all the ills 
and troubh's of dev<^lopmcnt. In tlus diH(uiHHion of agitation of develop<WH, it was 
poitif.cal o»it (.ha(. ev<‘n reproducible agitation is difficidt to attain, and, correspond¬ 
ingly, speudfiemtion of time and t(unperatur<^ alone is not compl(d,e. Some indication of 
agitation must b(> inchuh'd t,o b(^ com{)l{d,e. No a.d(K}ua.t(i description of agitation is 
always possibles, so f lu^ moni (^xact phrasings of devcdopnuait nHiornuKuidations usually 
irudude soim't.hiiig to tlu^ effecd. ( luit (^xa(d, times for a given contrast would havci to he; 
d(it<irmined by trials under l.h<^ actual conditions to ho us(h1. For many purposes this 
exactruiSH is unnec^essary, and the recommendation may l)e followed directly with 
entinily sa.tisfactory nvsults. 

Sensitonuiric and TesL-expomive Control Methods .—In that section of tlui photo¬ 
graphic iiuhist ry wh(U'(‘ the greabist bulks arc; haudhal, tlu^ m()tion-i)ifd,urc laboratoric^s, 
th(^ d(!v<Tiopin<ait cont.rol is bases! upon s(.a,uda.rd test (‘xposuress of various kiiuls. F’r<v 
quently the standard is a sensilometric <^xposur<^, and th(5 dejvedopment is (controlled 
to producce a (dioscui gamma with thtc film going through at the time. Sometimes a 
piecture, i)roduc<Hi in standard manner is used insbead of th<! scuisitometric exposure. 
In this case tine judgmemt is visual, to hold the pictuixe (|uality to a 8atisfa(!tory match 
of a more or less permanently h^od standard. In (uther case, develox)mcnt control 
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is based upon, the results with these standard exposures. In these large laboratories 
the customary procedure with developers for positive film is to maintain the developing 
bath at an essentially uniform level of activity by the use of buck-up or replacement 
solution as needed. The main bulk of developer is rarely changed. As temperatures 
are held uniform, there are two ways of varying development, variation of time and 
change of the rate of addition of make-up solution and overflow of spent 
developer. 

With baths for processing the original negatives, the situation is somewhat differ¬ 
ent, as the developers ai’e much less active and are moi-e readily exhausted. The same 
basic methods, senaitometric tests and standard pictures may be used, hut the baths 
are changed much more frequently.' In general the footage of negative is much lower 
than that of positive, so the developing systems are not so large, and this procedun; 
is more practical than it would be with positive film. 

Such methods are applied much less frequently when photographic materials are 
processed in smaller quantities. The equipment to produce adequately standardized 
exposures tends to be rather expensive, and the methods previously outlined usually 
are relatively more attractive. On the other hand sensitornctric study of devcdop- 
ment is almost necessary in the study of developing agents and formulas and in many 
of the scientific applications of photography, regardless of quantity of matcirial 
handled. 

Control Methods Chosen in Special Fields.—It will he of some value to c^onsider 
the control methods chosen in some of the broad fields of i)h()tography, wit h some of 
the reasons for the specific choice. 

Prints and Erdargernents .—Prints and enlargements are typically (hwcdoped on 
an inspection basis. The amount of inspecting done will depcmd somewhat upon the 
quantity and quality of work being don(v, being rather little in tlu^ clu'aptu- amat<uir- 
finishing stations and much more in the carefxd printing done for <;xhihit work. Often, 
gross errors in printing exposure may be detected, when th(\y occur, by watching the 
time of appearance of the image, as any large deviation frotri the aorauil will show at 
once an exposure error greater than t<jlerable for the cjuality of work beitig dotu'. 

Roll Films .—^With irudtiple-exposure units, .smvh as roll tilins, no (h'vc'Iopmeut 
control of individual exposures has proved [)ractica.l. Accordingly, eitlu'r (h'velop- 
iTient Viased upon insptHvtioii of the entire roll, to try to g('t th<> Ix^st for tlui (uitire 
group, or time-temperatur<i methods are most applicable!. In many of t.lu^ aids devisccl 
for handling the 35-rtim. film used in miniature (auiKU-as, no provision is made for 
inspection, and luaice tirne-temperature ijietliods or, in the! extreme! case, ( rial (‘xpo- 
sures are practically forc<5d upon the use^rs. 

Cut Films and Plates .—Cut films and i)l}itos are primarily' singl(*-(^xposure. units 
a,nd herure may he; treated ir\dividua.Iiy if lucc'ssary. Accordingly practice's vary 
widely from place to place. Inspection inelhods ace; fnapH'iitly used where suitable' 
illumination is jirovided. The Unit cal Staltvs manufaed ure'rs e)fsue'h pre>elue'(s neuinally 
give their dev(‘le)pm(;ut reeeoinnuuulalions in te'nns of re)rniula anel tinu'-le'jupe'rature' 
processing, as that is about the.; only hiaguage' 1)\' wliie'h te) Irjtnsfe'r ele've'le)pin('al 
informatioa fre)m one plaea; to a.ne)th(er wilhoeit se'usil.ome'trie; e-e)nt re)ls. Ae-e'e)relingty, 
many places handle their devedopment on t his basis. Seasitejiiut rie* cemt rol e)f this 
work is rare. 

Radiographs. —dd tlie rueutgeaiologist the phot,ogia.i)hie sieh; e)! t lue proce'ss is e)iily a 
tool to be; used te> his final (;ndH. lie i.s not int(;r<;Hl,(!d i)rimarily in tlie phote)graphic 
side of the {mocess, but, lU'e'ds unifeirni results from day to elay. d'lu' elnrkrextms avail¬ 
able are often lacking in spaet; natl ee)nve;nie;neees ne'(r(;ssary to an inele‘p('nd(;nt e-emlrol 
of development iiniforriiity. Hence, time'-ti'mpeu-atvire nu'lhoels and el(;ve’!op('r- 
exhaustion com])ensa.tion charts find a wifle use. (lare'l'ully e-arrieel emt., these methods 
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appear to give greater uniformity of results than inspection methods, though these are 
also widely used. Some difference of opinion exists as to -ttie best method, and perhaps 
there is no general answer. After all is said and done, there is the question of retakes, 
and it may be best to make a fair quality radiograph by minor development compensa¬ 
tion for an exposure variation, rather than to insist on hewing to the line of complete 
uniformity of development, let the retakes be what they may. This is not written in 
the spirit of condoning careless work, for pressure for quality is a continuous necessity. 
No major changes of development time from standard can be tolerated without being 
reflected in poor quality of some of the radiographs. 

MoHort^picture Film. —The commercial methods of control are largely based upon 
sensitometric and test-exposure control, as indicated before. Inspection methods 
are in use in some of the smaller units. If many scenes are on one roll, individual 
development treatment is manifestly impossible, but the roll may be treated as a unit 
to give the best average as judged by the experience of the worker. 

Defects in Development.—Many defects in the final pictures are traceable to 
development difficulties. Some of these are similar to defects from other causes and 
accordingly both will be rnentioned with an indication of some of the distinguishing 
characteristics. 

White spots are produced by several different causes in processing, and, in addition 
to these troubles, they may be caused by lint or dirt on the original emulsion surface 
which frequently leaves enough of a shadow outline to be suggestive of the nature of 
the particle causing the difficulty. White spots in a print caused by black spots in the 
negative are usually readily identified by careful inspection of the negative. 

Of th(' group traceahUs to processing, primarily development, the following are the 
most common: 

Air BeUn. —Air bells are often formed as the plate, film, or paper is placed in the 
develop<u’. They take the form of small bubbles clinging to the emulsion surface and 
, may stay throughout the (mtiro time of devcloprnemt unless dislodged by mechanical 
means. Tlujy are more (H)mmon in stagnant or weakly agitated developments, as 
thorough agitation sui)plies the forces necessai’y to dislodge them. When piotion- 
pi(d.ure film i.s dtwcloped l)y th(! rac.k and tank syst<vm, air V)ubbles are almost always 
formc'd on tlu* lower bar of tlu^ rack and are very apt to rcunain there for it requires 
.sp('cial carc! in agitating the rack to dislodge theim However, they may occur under 
many otlnu conditions of dcvcdopirumt. 

Wlum th(i air b(^lI is not di.slodged, the developer can penetrate under it only by the- 
rclativcdy long i)a.tli tlirough the sxirrounding emulsion, thus effectively hindering 
deviilopirumt in a, small usually circular area under th(^ bubble. The bubble is usually 
disl()dg(^<l in tlu^ fixer, and Inunui a small round ch^ar area or white spot is formed. 

BpoL^ Jrom 11 j/po Du.st and Dropfi.—U a film is touc.hcd by splashes of hypo or hy 
small pa,rti(l('s of dry hypo clinging to the emulsion, local fixa,tion can occur before 
dfwc'lopincnl., with nssultaiif. clear areas. When the trouble is from a splash of 
hypo soil!(ion, the drop shape is often outlimai by th(^ fixed area. The area affected 
by this nu(u.n.M may be larg<^ or small. Hypo dust settling on the (unulsion surface may 
renmin fh('re to causes local fixjd.ion in its neighborhood. (Hire is, of (a)urse, to 

prevx'td, hypo r(‘a<diing t he (nnulsion surfaces. Some of th<i common practices leading 
to this sort of trouble imfiude: 

1. (lan'hissnc^ss in liandling ('nuilsioms wet with fixeu-. 

2. (lar(d(i.ssness in (deanliness of hands after contacd. with fixer. 

3. Permitting droi)s of hypo to dry on tables or tank edges with sub.sequent 
I)OHHibl(j transmission to tlui enudsion surface hy direct contact or l)y draughts of air. 

4. Pernntting powder remaining from handling hypo at time of mixing fixer to 
n^ach the film. 
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Oil Spots. —When heavy enough, oil or grease deposits on the surface of the emulsion 
will prevent both development and fixation. Sometimes with lighter deposits, 
only development is effectively prevented but fixation occurs, leaving a clear spot 
in the emulsion layer. Under still other conditions, there may be a central, unfixed 
area outlined by a clear line where fixation but not development took place. 

Of course, no one intends to let oil or grease come in contact with the emulsion 
surface, but it has been known to happen in many different cameras and darkrooms. 

Spots from Desensitizing Particles. —Occasionally there are white spots due to desen¬ 
sitizing dust particles reaching the emulsion surface during manufacture. These are 
relatively much less frequent in occurrence than those from the caxises noted. 

Many black spots in prints and enlargements can be traced to white spots in the 
negative used. Black spots from other causes are not so common as white spots. 

Pinhole Fog Areas. —Protecting paper covers, supposed to be light proof, sometimes 
have pinholes which produce local high fog areas. The cure is care in selecting mate¬ 
rial for such protecting covers, even when they may be considered only temporary. 

Static Marks. —When handled rapidly, particularly under dry conditions, dis¬ 
charges of static electricity are sometimes produced which may leave many different 
types of marks. Some marks are easily recognized as branching or tree static, and 
some are less distinctive as more or less sharply defined black dots. In these cascis, it 
is often difficult to distinguish these markings definitely from other possible causes 
of black spots. 

Emulsion Aging. —Black spots are sometimes, produced by aging of emulsions, 
particularly when in contact with paper and stored under conditions of higli ttunpera- 
ture and humidity. 

Chemical Dust. —Many chemicals have been found which produce black spots in 
the final picture. All unnecessary contacts with dust, dirt, and chcutiic'al powdc^rs are 
to be avoided because of the danger from sxie.h conta.cts. 

These causes of black spots are not all assoeiatetl directly with (lev(do|)inent. 

As distinct from spots, with their many sources, other than i)roc<‘SKing, strc'aks 
rarely have other cause than some i)roccssing irregularity, and most fr(><iu(MUly this 
lies in development. 

The retarding effect of products of development act in s('V<'ral dirhu'crit ways to 
cause streaks and irregidaritie.s of development. 

Eherhard Effect or Mackie Line. —If a dark ar(‘a is a(lja(a',ut to oiu^ of h'ss lU'Usity, 
the products of development of the dense area diffuse out into t lu^ rudghboring art'a and 
retard development more there than at points more distant from tlu^ high density. 
Thus the high-density iirea outlines itself with a line or band of rcHluecd (hmsity. 'This 
(vffect is modified somewhat by the position of the emulsion layer during (hwcdopiiumf. 
Thus, if the emvdsiou layer is horizontal in stagnant develojxu, a uniform (‘ffcud, idl 
around the dense area is (ixpected. On tlu^ otluu- hand, if th(‘ emulsion layer is vcu-tical, 
the effect may be more pronounced below dense areas than a,bov<‘, as the products of 
development are, in general, ht'avier than the original solution and h<mc(> t<>nd to H(‘t- 
tle, affecting areas below the dens(i area more than above it. This may lx* t raced as a 
streak an inch or so long under sonu; conditions of developnumt. 

The effect of unifortn motion of an etnulsion layer, smdi as tluit producc'd in many 
motion-picture developing machines, htis an effect vei\v similar to that just outlined, 
except for the; fact that in this cast; it is not gravity but tlui motion of t he film through 
the viscous developer that tends to sweep (hwelopment prodiuds l)aek along the; film 
and thus modify the development. For regularly arrang(‘d ('xi)osureK, such as 
sensitometric test strips, this effect has been studi(xl coMsid(*ra.bly, and (X)nHiderahl(^ 
(liffereiuie found at times. As a r<*Hult, scnisit.onu'tric: ('xpoHur(\s used in inotit)!!- 
picture laboratories are usually develop(xl with tlu^ toe or low-density ('ud h'ading. 



TECHNIQUE OF DEVELOPMENT 


363 


These effects are most noticeable under conditions such that there is a large density 
difference between* one area and its neighbor. They are less and less noticeable 
as the density difference diminishes and as the developer agitation is increased. The 
agitation evens out the development and makes it less subject to these local effects. 

Irregularities of Agiiatio-n .—Uneven and irregular agitation can be produced in 
many ways. When the developer is nearly stagnant, small temperature differences 
may set up thermal currents sufficiently great to produce streaks. 

As the agitation increases, disturbance due to this cause is less important, but 
regular lines of rapid and slow flow may be set up with resulting uneven development 
agitation. Holes in films and film hangers are a frequent contributing cause of streaks 
due to systematic differences in agitation. Such holes may produce local turbulence 
and agitation increasing development locally. An extreme case of this occurred when 
some motion-picture film was being developed in a “Stineman tank.” This tank held 
the film in a spiral, wound on a form in a horizontal plane. The developer tray was 
set in a water bath for temperature control, and this bath was agitated by a stream of 
compressed air to insure uniformity of its own temperature. The resultant vibration 
of the developer in the tray was enough to cause streaks from each sprocket hole. 
These disappeared when the water bath was left completely stagnant during develop¬ 
ment or when sufficient agitation was introduced by rotating the reel holding the film 
to smooth out the uneveness due to the sprocket holes. Similarly, streaks on cut 
films, developed in one of the common styles of developing hanger, can sometimes be 
traced to the holes put in to lighten the frame and permit drainage of the solutions. 

Reticulation .—At times under unfavorable conditions of processing, the gelatin, 
when it finally dries, is no longer smooth and even but is rough and presents an 
orange-peel typo of sxirface and, in the more extreme cases, a cracked appearance. 
This condition is known as reticulation. It is usually caused by (1) solutions used ■ 
at too high a temperature, (2) too sudden changes in temperature going from solution 
to solution, (3) too gr(!at changt^s of pH in going from solution to solution with con¬ 
sequent rapid change in swelling of gelatiti, or (4) unsuitably warm and humid drying 
conditions. Care in selecting the working comlitions and formulas to avoid the 
hazards noted and to sticure favorable conditions should nisult in avoidance of this 
diffieulty. 

Formulas.—fi’lu* choice of a suitable dev<iloping formula is an essential part of 
siKuasssful photographic^ work. Many differer)t formulas may l)e found in the litera¬ 
ture n'commended for veuy similar uses, witli few comprehensive comparative teats 
by whi<di to judges tluur rcilativci valiu'.. In th(i comnu^rcial field, when large bulks of 
(rluunicals are to b(i handksl, it is often necessary to consider the initial cost and useful 
life more criticuilly than ruHiesHury when^ the ejuantitit^s in use are small. All these 
fa(hiors make tin; evaluation and cottiplete comparison of all possible formulas much 
t.oo broa,d and (!omi)l(!X for fully detailed discussion. Accordingly, as a compromise 
b(k.w(^(ui uncriti<uil listing of all formulas suggested and too broad generalizations, the 
data an^ pn^sented in the form of a limi(.(^<l numlxu’ of typical formulas and tables 
indicating tlui range of (amcentrations of the various dev(4op(!r ingredients representa- 
l ive of dcvc'lojxu's of tlu^ Hpecifi(i typci uruh^r discussion. Of necessity there has been 
a certain amount of aTbitrariness in tlu^ B(deetion of tlie individual formula listed as 
typical. This should not Ix^ (x)nstru(xl as iruuining that other fornuila are not good, 
but a coniphd.e pnw'ntation is, of eourH<i, impossible. 

Developers for the Motion-picture Industry. Borax Negative Developers .—Borax 
devedopors arc^ us('d (piite generally in tlie motion-picture industry for development of 
(jiciturt^ negatives and variable-density sound-track negatives. The formula c.hosen 
depends upon (.h(^ emulsion t.yp(^, the contrast desired, the degree of agitation used, 
and the devtdoping time considered desirable. The more concentrated and active 
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formulas are used with stocks originally 
tending to low contrast and under condi¬ 
tions of low agitation. With greater agita¬ 
tion the activity is often reduced by 
reduction in concentration or alkalinity. 
The developer activity may be still further 
reduced when very low contrasts are desired 
with emulsions of high-contrast type. Thti 
typical example of this is the devtiloprnent 
of variable-density sound tracks re<^<)rded 
on positive motion-pi<!ture film. 

The effective life of theses fortnulas is 
usually rather short., as tluur activity drops 
rather rapidly with use from exhaustion of 
the reducers and accumulation of products 
of development. 

This type of formula has also been 
applied to the development t)f other kiiuls 
of negatives and such developers have 
become generally ust^d in both tHunmercual 
and amateur negative developments. Sev¬ 
eral typi(!al borax negativ<* dt^veloix^rs arc 
given in Table II. 

Developer 1 is a low-concentration 
borax type particularly applicnblc! to agi- 
tattxl machine dcvclopnu'rit for work in 
which low contrast is d('sire<l. 

Developer 2 is more com'cnt rail'd and 
consequently more activi' than I. It may 
be useil in rnachini^s wh(*re shorb'r di'V'clop- 
ing timi^s are desiri'd. It may also bi^ used 
with cornmerciid and amati'ur ncgativcH, 
particidarly wlu'n ni'arly stagnant ili'vclop- 
incnt is used. 

Devi'loper 3, as listisl, has nlxmt tlu' 
same activity as No. 2. If grcati'r activity 
is desinal, mon^ borax and less boric aidd 
may be usial, k(Hq)ing tlu* total amount 
constant, and corri'sponilingly, for less 
activity, thi^ boric acid should be increased 
and the borax di'cri'a.sed. 

Diwi'loper 4 is thi' li'ast active of the 
group cit.i'il. It is usi'd when low<*st con¬ 
trasts a.n^ dcisiri'd, as in t hi* casi' <)f variable- 
density sound tracks from records origi¬ 
nally on motion-picture posit ivi'. This for¬ 
mula hast he peculiar pr<)i>erty of incre'asiug 
in power to give contrast, as it stands after 
irnxing and befori^ use. 

Carbonate Developers for High Con¬ 
trast. Positive.—\t\ the developmt*nt of 
prints and variable-area sound-track rcc- 
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ords, developers are used which are much more active than the borax developers 
just listed. This activity is secured by greater concentration and higher alkalinity. 
The latter is probably the more important of the two factors. 

Many considerations enter in the selection and use of such a formula. They 
include: 

1. Ability to give desired gamma in an economically short time. 

2. Freedom from fog and veiling tendency. 

3. Suitability of formula for prolonged maintenance of constant developer activity 
by additions of buck-up solutions. 

4. Freedom from tendency to stain. 

5. Ability to produce pleasing tone quality in the prints. 

6. Economy under conditions of use. 

These limitations are more drastic than in the case of negative developers, as the 
l)iilk development in the industry is the development of the positive prints, and 
economy and uniformity of work are very necessary characteristics of the processing 
procedures. 

In this case, as in other cases, greater activity, when desired, is secured by increase 
in alkalinity or in concentration or by decrease in bromide content. This last pro¬ 
cedure is not completely independent from a control point of view, since bromide goes 
into the developer as a product of development, and hence developers which are used, 
as these are of necessity, have appreciable bromide content; adding solution or buck up 
is often mixed without bromide to keep the concentration down. 

The alkalinity of the bath changes very little with use; consequently, most of the 
aging effects are due to the exhaustion of the reducer and accumulation of produces of 
development. 

Sonu^ silver in solution is usually found after the bath is old. This does not do 
direct harm s<j long as it stays in solution, but sometimes it apptuirs to contribute to 
dichroic fog or stain. 

Formulas pnxlucung the highest contrast arcs usesd for title work where extrcmie 
contrast is dcssirod between tins letter and the background. Economy often leads to 
develoi)ing such films in the same solution as the picture prints, but when a difference 
is made, it is in tlu! direction indicated. 

From (Uementary theory, variable-area sound records should also be developed to 
a maximum diffc^rence in density betwcHui exposc^d and unexposed areas. However, 
the advantage! to lie gained is often considered insufficient to warrant separate develop¬ 
ing tanks and eepupment. 

Typical (uirbonate developers as used in this motion-picture industry are given in 
d'able III. 

Developt'r No. 5 is typical of the positive formulas in use in the motion-pi(!ture. 
industry. Modific^ations are in use in some laboratories. 

nev('loper No. (5 is more active than No. 5 and gives a higher contrast for th(i 
same dc'vtdoping time. 

R,<q)leid.shing solutions are usually made with the same concentration as the original 
but with all or part of the restrainer omitted, depending upon the balance sought 
under actual o})erating (U)nditions. 

Portrait and Commercial Work.—Through long years of work by many widely 
separated individuals there has grown up a wide range of favorite formulas in this 
class of work. It will not be. po.ssible to cover all the variations in this discussion. 

Pyro-Hoda devedopers hav(^ Ix^en used for many years. They are most frc^quently 
prepartxl by making thn^e stu<‘k solutions, mixing and diluting them as needed for use. 
'Fhe final developer oxidiz<\s rapidly from contact with air and must be prepared just 
before' ustj for best results. (Contrast characteristics of the final solution may be 
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controlled by the balance of the amounts of the three stock solutions used in the 
individual batch and by the dilution of the combination. Negatives with such 
developers usually have a characteristic pyro stain, tending to give them a distinct 
brownish tone. In extreme conditions this tone may be made heavy so that it will 
still remain after the silver is bleached out. Under ordinary conditions it is much less 
apparent, though it still plays a part in printing, tending to increase the effective 
printing contrast due to its brownish color more than it increases the visual appearance 
of contrast. One accustomed to using this type of negative is apt to be disappointed in 
results from a negative of similar visual quality made with developers not leaving this 
stain image, as the prints from the latter tend to be less contrasty. The difference 
is not such that it is possible to say that one is fundamentally better than the other 
type of negative as both yield good results in the hands of experienced users. 


Table III.—Carbonate Developers: Positive Motion-picture Type 



No. 5 

No. 6 

Range 

Metric 

Avoirdupois 

Metric 

Avoirdupois 

Metric 

Avoirdupois 

Sodium suli^hite (an- 





! 


hydrous). 

40.0 g. 

5 OZ.145 gr. 

60.0 g. 

8.0 oz. 

30 --75 g. 

4 - 10 055. 

Rhodol (metol or 




1 



El on).1 

0.31 g. 

18 gr. 

1 .40 g. 

88 gr. 

0.30- 2.0 g. 

18 -115 gr. 

Hydroquinone.. 

6.00 g. 

350 gr. 

6.20 g. 

390 gr. 

4.0 - 7.5 g. 

235 gr,- 1 oz. 

Sodium carbonate 







(monohydrated) . . . 

22.5 g. 

3 055. 

56.0 g. 

7 oz. 200 gr. 

15 -60 g. 

2-8 oz. 

Potassium bromide. . . 

0.86 g. 

50 gr. 

1.80 g. 

112 gr. 

0.50- 2.0 g. 

29 -115gr. 

Potassium iodide.... 





0 - 0.025 g. 

0 " 15 gr. 

Citric acid . *. 

0.08 g. 

40 gr. 



0 - 1.0 g. 

0 - 58 gr. 

Potassium rnetabi'- 




sulphite. 

1.50 g. 

87 gr. 



0 - 2.0 g. 

0 " 115 gr. 

Water to. 

1 1. 

1 gal. 

1 1. 

1 gal. 

1 1. 

1 gal. 


No. 7 Pyro-kooa ABC Formula 


Stock Bodutiun A 

Sodium biniilphitp(or potaBHiuin metabisulphitc*). 

Pyro.. 

P ota88i u m 1:) I' o m i d e. 

Water to make. 

" Stock Bodu'iton B 

Sodium sulphite (anhydrous).. 

Water to make.. 

Sto<vk SoiarrioNf (> 

Sodium carbonate (monoliyclrated). 

Water to make. .. 


\) 

.80 

g. 

1 oz. 130 

gr. 

(iO 

.0 

g. 

8 oz. 


1 

. 10 

g. 

64 

gr. 

1 


1. 

1 

gal 


105 

g. 

13 

oz. 


1 

1. 

1 

gal 


85 

g. 

to 

oz. 


1 

I, 

1 

gal 


The dilutions and proportions usually recommended are 1 part (nich of solutions 
A, B, and C with 7 parts of water for tray developnumt and I 1 parts wjiti'r for tank 
work. With many negative materials the developing times at 6r)“F. will then H(' 
lietween 6 and 8 min. for the tray development and hetwcum 9 and 12 min. for t he tank 
concentration. 

The three-solution pyro-soda developer has been a favorite' for yc;ars, l)ut. its 
instability aftermixing is a marked disadvantage. A metol-pyro formula has becai 
proposed to secure much greater stability. This also is prepared as t lirc(' stock 
solutions, 
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No. 8 Mbtol-pyeo Developer 
Stock Solution, A 


Metol. 7.5 g. 1 oz. 

Sodium bisulphite. 7.5 g. 1 oz. 

Pyro. 30.0 g. 4 oz. 

Potassium bromide. 4.2 g. 245 gr. 

Water to. 1.0 1. 1 gal. 

Stock Solution B 

Sodium sulphite (anhydrous). 150 g. 20 oz. 

Water to. 11. 1 gal. 

Stock Solution C 

Sodium oarbonato (monohydrated). 90.0 g. 12 oz. 

Water to. 1.0 1. 1 gal. 


/ 


Control of the tlevelopment characteristics may be exercised through the dilution 
used in making the developer from these stock solutions. One part of each, A, B, 
and C diluted with 8 parts of water for tray development and with 13 parts of water 
for tank diivelopment has been recommended. Developing times with normal nega¬ 
tive materials will often lie between 7 to 9 min. at 65°F. for the tray developments and 
lietween 9 and 12 rnin. at 65°F. at the tank dilution. 

Borax developers used in portrait and commercial work are the same type as the 
more concentrated of the formulas used for motion-picture negatives. The more 
dilute formulas may also he used, hut under the conditions of low agitation usually 
encountered in this typo of work the developing times become too long to be practical. 

M(dol, hy<lrociuinoru‘, (uirbonate developers are also used for these types of work. 
Gnuit control of (U)ntrast characteristics can be obtained with these basic ingredients. 
Usually tlu! ratlier soft working formulas are desired. These are obtained by using 
dilute formulas or lowcu-ing the pll by reduction in the carbonate or use of bisulphite as 
I)art of the preservatives The latter method is sometimes preferred when long life 
is (hisired, as the desircMl c.ontrast characteristics can be thus combined with sufficient 
couccuitral ion to give good Iif<\ 


'I'ablk IV.-- MiCToii, Hydkoquinoke, Carbonate Developers 



1 No. 9 



Avoir- 


M id-i i(^ 

1 

H luxlol (nu'f <)1 or P'/loii) .... 

1.5 g. 

88 gr. 

H()<liurn Niilithilf' (nuhy- 



^ 1 r* f 11 1 M ^ 

in 0 jj;. 

i) 055 . 

Stxlituri biHulplnl<'. . 

I.o R. 

r>H Kr. 

M 1 'r ) 11 1 ! 1 1 Mr 

3,0 p;, 

170 gr. 

Hodiuiu <’a rboiuil (' (mono- 


hydrut 0(1 ). 

n.o g. 

350 gr. 

I^itaxHiuiti lu’omidt'. 

O.SO g. 

47 gr. 

VVui.iM’ lo iruiko. 

l.O 1. 

1 gal. 


No. 10 

Range 

Mo trie; 

A voirduiboin 

Metric 

A voirduiioiH 

l.O g. 

68 gr. 

0.75- 1.6 g. 

44 - 88 gr. 

15.0 g. 

2 oz. 

15.0 -45,0 g. 

2 — 0 oz. 



0 - 4.0 g. 

0 -“232 gr. 

4.0 g. 

232 gr. 

1.0 - 4.0 g. 

68 -232 gr. 

2(^5 g. 

.'1 oz. 232 gr. 

0.0 -30 g. 

360 gr.- 4 oz. 

0,()() g. 

35 gr. 

0.5 ™ 1.5 g. 

29 - 87 gr. 

1,0 1. 

1 gill. 

1 1, 

1 gnl. 


Nunilxu- 9 will give negative's of normal (contrast on many negatives emulsion.s ir» 
f) t.o 7 min. at (i5“I'’. for tray (hwelopiiumt. I^'or t.ank use, this may l>e dilutcul with an 
(‘(pial (puuility of walt'r to obtain longer (lev(^loping time, of the order of 14 Tuin. at 
6r)"I''. If (h^siiaul, (his (l<‘v<'lop(T may be inix<!d douldi! the indi(^Ht<.d strouigth and 
dilutc'd appropriat<‘ly at the time of actual use. 
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Number 10 fa a more active developer than No. 9. Developing times may be 
expected to be 4 to 6 min. at 65”F., tray development. The developer may he mixed 
double or triple strength as stock solution and diluted appropriately for use. 

Formulas with glycine as the reducing agent are also proposed for some classes ot 
work. They are not so commonly used as the others. One typical formula is 


No. 11 Glycinh Developek 

Sodium sulphite, anhyd... 

Potassium carbonate... 

Glycine.*. 

Water to make.... 


25 g. 
50 g. 

10 g. 
11 . 


3 oz. 145 gr. 
6 oz, 290 gr. 

1 oz. 145 gr, 

1 gal. 


Number 11 may be expected to give normal development in 5 to 10 min. at 65° I<. 
tray development. For slower tank development it may be diluted one part of 
developer and two parts water which will result in a development time of the order of 
20 min If desired, this developer may be mixed as stock solution at greater concen¬ 
tration^ up to five times the concentration indicated, and then diluted appropriately 
before use. 

Process Work.—In copying line drawings or printed matter an extremely higli 
contrast between the lines and the background is desired. The emulsions made 
particularly for this work are of contrasty type, but, to make full use ot them, con¬ 
trasty developing formulas are usually required. This high-contrast characteristic is 
secured with metol-hydroquinone developers by using good coiu^entrations of reducers 
and high enough alkalinity to secure rapid development. A relatively high potassuim 
bromide content is common also, to secure freedom from fog with development timos 
sufficient to come close to maximum possible contrasts. 


Table V.— Process Developers 



No. 12 

. Hange?) 

Metric 

Avoirdupois 

Metric 

Avoirdupois 

Hhodol (metol or El on). 

Sodium sulphite (anhydrous). 

Hydroquinone.. • 

Sodium carbonate (monohydrated). 

Potassium bromide. 

fi tfiT to 

1.0 k. 
75.0 g. 

9.0 g. 
30.0 g. 
5.0 g. 
1. 1. 

58 gr. 

10 oz. 

1 oz. 87 gr. 

4 oz, 

290 gr. 

1 gal. 

1.0- 5 g. 

37.5- 75 g, 
6.0-U) g. 

22.5- 45 g. 

3.0-12 g. 

1 1. 

5a 290 gr. 

5-- 10 oz. 

350 gr. “1 oz, 145 gr. 
33 ‘ 0 oz. 

175 gr. 4 oz. 200 gr. 
1 gal. 



Number 12 may be expected to produce good contrast in 4 to 6 min. at 6r>°F. 
If less contrast is desired, one part of developer may be diluted with an eciual ciuant ity 
of water. 

Where still greater developer activity is re<iuired to give maximum contrast in 
minimum time, carbonate is no longer used for the alkali, l)ut soda is us<m1 in its 
place. High concentrations of both hydroquinone and bromide arc^ typical. 

The developer is usually prepared as two stock solutions, as it docs not kc'cj) w<dl 
after mixing. A typical formula is: 


No. 13 High-contrast Proc^ess 

SoIjUtton a 

Hydroquinone.*. 

Sodium bisulphite. 

Potassium bromide... 

Water to make. 

Solution B 

Sodium hydroxide. 

Water to make... 


DKVEr.OPER 


22,5 

g. 

3 

oz. 

22.5 

g. 

3 

oz. 

22.5 

g. 

3 

oz. 

1 

1. 

1 

gal. 

52,5 

g* 

7 

oz. 

1 

1. 

1 

gal. 
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Solution A. is usually made by taking 750 cc. (3 qt.) of warm water and dissolving 
the chemicals therein in the order given, then bringing to the volume indicated by the 
addition of cold water. Care must be exercised in making solution B, which should be 
mixed using cold water, as the solution of the hydroxide generates heat. For use, 
take equal volumes of the two solutions, and mix them just before use. The develop¬ 
ing time is usually about 2 min. at 66°F. 

Litho Developers.—The maximum contrast requirements are encountered in 
lithographic work where it is necessary to secure the maximum contrast between 
exposed and unexposed areas. This is necessary both for line and half-tone work. 
Special emulsions, formulas, and procedures are used to meet these needs, and some 
of the developing formulas used are quite different than those encountered elsewhere 
in photographic work. Both single-solution formulas and those mixed as two stock 
solutions are recommended. 


Tabub VI.— ^Lithographic Developer 



No. 14 

No. 15 


Range 


Metric 

AvoirdvipoiB 

Metric 

Avoirdupois 

Metric 

Avoirdupois 

Hytlroquinone. , 
Hodiinn Bulphite 

30 K. 

4 oz. 

36.0 s. 

4 oz, 290 gr. 

6.0-37.5 g. 

350 gr.- 5 oz. 

(anhycirouH).. 
Sodium hydroX" 

(K) R. 

8 oz. 

55.0 g. 

7 oz. 145 gr. 

37.5-60 g. 

6-8 oz. 

id(*. 

(’ a r h o n a t e 
( ni 0 n 0 h y - 
dratcHi) 

25 K. 

3 oz. 145 gr. 

80.0 g. 

10 oz. 290 gr. 

0 -25 g. 

0 -80 g. 

■ 

0- 3 oz. 146 gr. 
0-10 oz. 290 gr 

C'itric arid. 

PotaBHiiun loro- 

.... 


5.5 g. 

320 gr. 

0 - 5.5 g. 

0-320 gr. 

mide. 

20 K. 

2 (>/.. 290 sr. 

10.0 g. 

1 oz, 145 gr. 

c 

1 

1 oz. 145 gr.- 2 oz. 290 gr. 

Wat<*r t o. 

t 1. 

1 sal. 

1 1. 

1 gal. 

1 1. 

1 gal. 


Number 14 is indieiited as more active than No. 15. Development is expected to 
fake about 1 min. at for the former and toward 21^ min. with the latter. The 

lower dilutions indicated under the range” heading may be expected to produce less 
<l(‘nsity. 

One basic formula is reeommend<'-d for preparation as two-stock solutions. Two 
different manufacturers rtH'ommcuid esscmtially the same formulas except that one 
sugg(ists the addition of 20 (*c. of phenosafranine solution (1:1000) to solution A. 


No. 1() PAKAKORMALOBUYnE DEVELOPER 

SOLXJTION A 


Sodium Hulpliilt^ (anhy<lrouH). 


. 1.0 s- 

. 30.0 g. 

58 gr, 

4 oz. 

Pot aHHiiirn uioiiibiHuI pliit i*.. 


. 10.5 g. 

1 oz. 175 gr. 



. 1 1. 

1 gal. 


SOLU'ITON B 




Sodium Mulphilt^ (uiih.vulrouH) . . . . . 


. 120 g. 

1 lb. 

li/vri/* iM't . . 




1" T \ ? / 11’ f iiiiri/^T'WA . 


. 90 g. 

12 oz. 




6 g. 

360 gr. 

Water to. 



3 1. 

3 gal. 


For use, mix om^ part of solution A and three parts of solution B. 
times of 1 'a to 3 min. may be expected at 65 to 70°F. 


Development 
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Commercial Development of Roll Films and Film Packs. —Under the conditions 
generally obtained in the commercial handling of amateur roll films, little individual 
attention can be given, particularly as the range of exposures on any one film is 
often so great that no one compensation of development could possibly be beneficial 
to all the pictures. Accordingly, there is a considerable tendency to use developer 
and development that will produce a good average out of the entire range of exposures. 
For very obvious commercial reasons, the development time should be moderate, as 
too short times would lead to difficulties in the control necessary for Tiiiiform quality, 
and prolonged development reduces the output. A long useful life is also necessary 
for satisfactory commercial work. A typical formula is: 


No. 17 Roll Film: Developer 

Rhodol (metol or Elon)... 

Bodium sulphite (anhydrous). 

Sodium bisulphite.... 

HydroQLuinone. 

Pyro... 

Sodium carbonate (monohydrated).. . , . 

Water to. 


0.75 g. 


44 Kr. 

9.00 g. 

1 oz. 

87 gr. 

9.00 g. 

1 OS5. 

87 gr. 

3.00 g. 


175 gr. 

0.75 g. 


44 gr 

22.5 g. 

3 o». 


1 1. 


1 gal. 


With this formula. No. 17, normal development will take 7 to 14 min. at 6r)°P., 
depending upon the contrast desired and the films developed. The forituila may bo 
made somewhat more active by increasing the concentration of reducers. 

Developers for Papers. —In choosing a developer for a printing paper, contrast and 
life characteristics are important, but attention must also be paid to th<“ gcun'ral torui 
of the final image. This tone can often be varied from cold tones, blacks an<l hhuv 
blacks, to warm tones, brown-blacks, by choice of developer fontuila. The sarru^ 
formuja frequently gives different tone quality on different papers. Ilerua^ no general 
rules for selection of developer formula can be laid down here. In geiun-al any factor 
which affects the grain-size distribution in the developed image will iiave n,n effect oi\ 
its tone. Sometimes the addition of special compounds is suggestc'd to give partic¬ 
ular tone characteristics. These are presumably effective through an <4Teet on 
state of division of the silver particles making up the image. 

The formulas recommended for different papers vary rather widely bot h in rat ios 
of original constituents and in dilution. Most commonly th(\v metol, hydro- 
quinone, carbonate developers. In many cases they are originally mix<Hl as eonecn- 
trated stock solutions, then diluted and used as needed. 


Table VII.— Developers for Priktino Papers 


Hydrocluiuont?.. . . 
Sodiu m carbon ate 


Water to make. 


No. 18 

Mctdic 

Avoirduiiois 

1.2 g. 

70 gr. 

lU.O g. 

2 oz. 2132 gr. 

4.0 g. 

232 ffr. 

20.0 g. 

3 oz. 200 gr. 

0.40 g. 

25 gr. 

1 1. 

1 gul. 

3 be devc 

doped in t l 


Un iip;< 


A voird\ipf>iH 


(). 

0» 

1.5 g. 

35 

87 

^1. 

7 . 

r> 

22.5 g. 

1 

3 

oz. 

|2, 

0 

(l.O K. 

1 15 

350 

f^r 

j7. 

r> 

:{().()«. 

1 

4 

oz. 

(). 

3 

1.5 g. 

17 

H7 

gr. 


1 Rul • 


It iH Strongly recommenaea that papers he developed in iho fornuilas snggoHled 
by the manufacturers, as good print tone and contrast depend upon the usci of a for¬ 
mula suited to the paper. 
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Eine-grain Developers. —Borax developers of the type discussed and listed for 
motion-picture negatives are considered fine-grain developers. The grain is not so 
fine as that which can be produced with some other types of formulas. As noted 
in the general discussion of fine-grain development, a wide range of additions to various 
basic types has been attempted, so much so that no attempt will be made to cover the 
entire range of constituents and concentrations. Another limitation to completeness 
in this case is the fact that for commercial reasons the formulas of some of the success¬ 
ful fine-grain developers have not been published. 

The fact should be reiterated that overexposure and high values of gamma both 
tend, within normal limits of work, to increase graininess of the final result. Much 
of the value of fine-grain technique can be lost by inattention to such details of expo¬ 
sure and processing. 

Paraphenylenediamine is the reducer around which has centered many of the 
attempts to produce particularly fine-grain images. Used with no other reducer in 
weakly alkaline solution, such as that produced by sulphite, the graininess is equal to 
or better than any other yet demonstrated. The effective emulsion speed is lower 
than with more active developers of the borax type. This speed loss has been obviated 
or reduced by the addition of a second reducer. Glycine has been used in this role in 
one series of formulas. 


Tablh VIII,-— Paraphesnylenbdiamine Developers 



No. 19 

Range 

Metric 

Avoirdupois 

Metric 

Avoirdupois 

Hodiuiii Hulphit-o (anhycirouH)... 

/>-Phcniyl<JiuHliiimino (litiHe). 

(11 vpiu(‘ ... 

90 ft. 

10 It. 

2 K- 
1 1. 

12 oz. 

1 oz. 145 ffr. 
115 gr. 

1 guL 

4.'j-90 g. 

6-12 g. 
0-12 g. 

1 1. 

6-12 oz. 

350 gr.-l oz. 260 gr. 
0-1 oz. 260 gr. 
1 gal. 

! 

Water to.*. 



Developers for X Rays.—i'’or normal dev(‘-lopinent of X-ray films an active con¬ 
trasty thvvciloper is d('sired. A rather (joncentrated developer is usually used to 
obt ain ilui luuxh'd long-life chanKberistics, and this is accompanied with relatively high 
bromid(i contemt to kc'cp fog down. 

On occMsion, X-ray (l(welop(n- has beiai us(h 1 as a nearly universal developer in some 
laboratorie^s, where it is tlie oiu^ tl(W(^Ioi)(^r always on hand. This practice is not to Vjo 


Table 1,\. Developer for X-ray Film: 



No. 20 

Range 


JVI ei lie 

A voirdupoiH 

Metric 

Avoirdupois 

Hhodol (uudol or 101<ai). 

5.0 g. 

200 gr. 

2.0- .5.0 g. 

1 17 290 gr. 

Hfxliuni Hulf)hit»‘ (unhytirouH). 

60.0 g. 

8 oz. 

45.0- 105 g. 

() - 13 oz. 

II vdrotiuinoru*. 

7,5 g. 

1 ox. 

7.5 10 g. 

1 1 oz. 145 gr, 

Sodium (’iirlionatc (inonohydrtit.cd). 

50.0 g. 

6 ox. 290 gf. 

45 - 60 g. 

0— 8 oz. 

I u in 1 u'oniiflc. 

4.5 g. 

260 gr. 

4.0- 6,0 g. 

232-3.50 gr. 

Wateu’ to make. 

1 1. 

1 gal. 

1 1. 

1 gal. 
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recommended as leading to best results, but the formulas are probably as near general 
applicability as any. 

High-temperature Processing. —When processing is to be done under conditions 
such that it is impossible to keep the solutions from becoming warm, 80°B"'. or above, it 
is usually necessary to take special precautions to keep the gelatin from softening too 
much. Hardening agents may be used as prebath; per cent formaldehyde solution 
may be used for this purpose. 

A second method of meeting the situation is to use the developer loaded with 
chemicals which tend to reduce the swelling of gelatin. Sodium sulphate is most 
frequently used, though the sodium sulphite of the developer also tends to reduce 
swelling. Sodium sulphite concentrations in from 100 to 200 g. per 1. protect the 
gelatin greatly in warm solutions. Developing times should be kept as short as pos¬ 
sible, and development should be followed immediately by a hardening stop bath and 
good fixing bath with the shortest wash which will eliminate the hypo. 

8 OS!. 290 Kr. 

408 Kr. 

8 osi. 

13.3-.20.0 oz. 

1 sal. 


No. 21 For High Tkmpbbaturks 


Sodium sulphite (anhydrous). 50 k. 

p-Aminophenol hydrochloride. 7 g. 

Sodium carbonate (monohydrated). 60 g. 

Sodium sulphate (crystals) .. 100—200 g. 

Water to. 11. 


Development can be carried.out up to 95°F. Tlie development tiling varicH with 
the sulphate concentration. Times of the order of 13^^ min. may l)e exixMded witli the 
lower concentration and of the order of 3 min. with the higher conecuitrat ion indicated. 

Reversal Development. —In reversal processing several spc^cial formulas ha ve been 
worked out. The requirements are somewhat different than in dinad, dcivcdopment 
for other purposes. The first development of a reversal pnxH'ss must d(•v(^lol) cssen- 
tially all the silver which was rendered developable by the first (exposure. In some 
cases a’fog is intentionally developed to secure the desir(id (!hara(d.i'riKticH from the 
emulsion in use. The characteristics above are often secunnl from the normal d<‘vel- 
oper constituents, but in addition to these, weak silvt'.r halide solvimls are .sometimes 
introduced to (1) insure clear high lights or (2) reduce the tendeiu^y l.o brown tones. 
In both cases, the effectiveness of the procedure is at k^ast in part chu' (.o f ix' fact that 
the solubility of small grains is greater than of largti. These small grains an' in gc'ueral 
slow, so they would be the ones least affected by first (^xi)osun‘ and t fu'n'fore most 
likely to remain to veil high lights on second development, 'riu^sc* small grains are 
also the ones which would be expected to impart a brown toiu^ to the final image'. 
These effects are not large and startling and probably difkvr irt iaeportanee' w ith difb'r- 
(mt emulsions, but the use of silver halide solvents in reversal d<'V('l()pin*nt has Ix'C'n 
important in .some cases. The silver halide solvents us('d vary from liiy[)<) ifse'lf as a 
very active solvent to pota,s8iuni thiocyanate as a weak solvauit. 


No. 22 Reversal First Devei-oi'Er 


Sodium CJlnh^'tirou8). 


. nn «r 

(i 

07 tilM) 


Rhodol (uiRtol or Klou). 


. 1 o: 


Ml * 

Hydroquirioiie. 


M tr 

1 

1 


* 

Sodium carbonate (inouoliydrated) . . 
Potatisiuiii bromidei. 


r\ f,y 

oz. 2\H) 

. 

Ki'. 

Potasaiuni thiocyanate. 

Water to. 

. 

. lb 

i 

oz. 115 

1 

Kr. 

gal 


Development times may be expected to lie in the range from 5 to 8 min. at (5r)‘*F. 
All steps of exposure and reversal processing have to fit togef.her closely to form a 
('omplete reversal system designed to conform to the individual stock procuissed, heru^o 
no very exact figures can be given in this rather general discussion. 
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Rapid Processing.— a 11 the formulas considered so far for materials other than 
ji^apers have been designed for developing times of a number of minutes. In some 
^a.ses, it is very desirable to develop the emulsions in much less time and various 
^£)rmulas have been worked out to reduce developing times to a minimum. Needless 
say, such rapid processing methods can rarely be worked out to give the extreme 
j;ji,ctivity with as good quality and control as the more usual formulas. Use is made of 
^,,ccelerating action of high alkalinity and concentration, so these formulas are not 
j 7 articularly economical, but they find a place where rapidity of development is of 
j^aramoimt importance. 

One formula is given below: 


No. 23 Rapid Developer 


Sodium siilr)lut 0 (anhydrous). 187.0 g* 

Rhodol (rnetol or Elon)... 21.5 g. 

Hydroquinone. 43.0 g. 

Sodium hydroxide... 43.0 g. 

Water to. 1 h 


1 ib. 9 oz, 

2 oz. 375 gr. 
5 oz. 315 gr. 

5 oz. 315 gr. 

1 gal. 


Tlie developing time is usually of the order of min. at 65°F. After devolop- 
jnicnt a 5 per cent acetic acid stop bath should be used, followed by fixation in hypo 
-vvdth good hardening action. 

Physical Development.—-The primary distinction between chemical and physical 
cJovelopment is the source of the silver. In chemical dcveloioment the silver deposit 
is essentially produced by reduction in situ of the original halide. In physical 
cievelopment the silver is originally in the developer itself and deposits out on nucleuses 
t.o form the final image. The distinction l)ecomes somewhat arbitrary and hard to 
clefine for a limiting case sucdi that the first action of the developer is to dissolve silver 
lialide, thus charging the developer with a soluble silver salt, then subsequent deposit 
from the solution on the nuclei. Probably ordinary development parl',akes at least 
f,c) some extent of this nature, though the action of depositing silver is probably very 
local in nature and the body of the solution never contains any great quantity of 
silver salts. 

Physical (hwcdopment is of interest for two reasons, as it gives an additional tool 
for the study of the nature of the latent imagci and as it produces images of unusually 
fine grain under the best conditions. 

Physical devcvlopment can Ixi carried out after fixation, thus proving that the 
'‘latent image” is in reality of quite dilTerent nature than the silver halide itself. 
I^^xation in a neutral or alkaline hypo solution is mor<^ favorable for this effect than 
t-lui use of an acid fixing bath. This may be conruicted with the fact that acid fixing 
I >Mths t(md to atta<^k or dissolve the silver of the developed image. Possibly there is a 
Mimilar solv<'nt action on the minute quantities of whatever material eompo.ses the 
' ‘ latent iTiiage.” Tim probability of this connc'ction is enhainxMl by the fa,c.t that there 
i.s other evidenc.(^ wliieh also indicates that tins latent image is silver deposited in 
fsubmiero,s(U)pic, quantities in the gelatin. 

In handling physical developers difficulty is ofhm experierHXMl, as they t<md to 
ileposit silv(w on other surfaces, such as the sides of the dish in which th(‘ development 
i« taking place. Th<! developing formulas are cloH<dy related to baths suc.h as are 
iLstid in .silviu'ing mirrors. The difli(ualties of the proc(\s,s and the very low effective 
<’;iiiulsit)n speeds obtained, coupled with the small advantag(iH to be gained, have kept 
l>hysical development in a minor role in photographic processing. 

Some attempts have been made to secure the fine grain rather generally credited to 
physical development without all its attesndant disadvantages and uncertainties. 
Horn e success has been reported, but some others have failed in their attempts to 
f’'l>tain similar favorable results. The reasons for these diverse and opposing views 
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have not been established. A procedure recently recomineuded for phyBical develop¬ 
ment before fixation involves the following steps: 

1. Treatment with potassium iodide bath. 

2. Rinse. 

3. Development in silver-salt bearing physical developer. 

4. Fixation. 

5. Washing and drying. 

The baths suggested are: 

For Step 1: 

Potassium iodide. IC K. 1 tw. Mr* k>’. 

Sodium sulphite (anhydrous). 25 «. :} oas. 145 ftr. 

Water to. 11. 1 Kal. 


For Step 3: 


No. 24 

Stock BiIjVMb Solution 

Sodium thiosulphate (hypo) («r.vBtal). 

Sodium sulphite (anhydrous). 

Silver nitrate (crystal). 

Water to. 


100 K. 
00 K. 
10 K. 

1 I. 


1 Il>. 5 o*. 145 gr. 

8 OK. 

2 oz. m gr. 

1 gnl. 


For use, add 1 part stock silver solution to 4 parts watt'r, and add rc'diaung 
agent as directed below. 

To make up this stock silver solution, dissoK’^e the sodium sulphitct in :i(K) re. 
(40 oz.) of water, then dissolve the silver nitrate in 100 co. (1(5 oz.) of wnicr .nud add 
to the sulphite solution, stnring until the whit(i curdy precipitate disHolvc's. Dilute 
the whole to 950 cc. (120 oz.) with water, add the thioHulphat(\ aud st ir until i’ompletc! 
solution is obtained, after which the volume of the solution should be 1 1. (1 gal.). 
Filter through cotton. The solution is fairly stable and ket'jiH w('ll. 

At the time of use of the developer, for each liter of diluti'd solution add 1.7 g, 
of Amidol, or for each 15 oz. of diluted solution add 12 gr. of Amidol, and stir until 
completely dissolved. The Amidol should not bo atUhul to tlu^ solution more than 
10 min. before the development is to start. 

With tray developmetit, 35 min. to 1 hr. has Ixhui nxrotumemh'd. MetalK other 
than stainless steel or ehrornium plate are to be avoided and hard rubber or bakelitc 
is preferred. 

The special silver-bearing developer just (h^scrilxxl may Ix' um(m 1 for i>bvsit’al devel¬ 
opment after fixation if that is attempted. Cn^atly im-nxiscd (‘xposnrcH are re<iuired 
over those needed with ordinary chemical cbwelopment. Fixation should be carried 
on in the dark, with rather dilutee neutral or nlkalim- hyix., such as repn-sctitetl by 
the formula below: 


Bodium thionulphate (hyjio) (oryntal) 
ATriinoniuin hydroxide* (Bp, gi\ 0.90)., 
Water to. 


The plate is to be removed from the hypo as soon as cleared and washtal very 
thoroughly in water after which it may he devcdopial imuu'diatelv or dried .■md drvei™ 
op(Hl latm-. 

Developers with Special Properties.™Duriug the years of sf u<l\- of develop.us mid 
development, various special effects have Ix'ou di.seeveri'd beyond the basic prociw of 
development. 

Low-sulphite Pyro.—Pyvo developers containing little sulphite luoduce two etTecds 
aside from the actual development, i.c., the reduel ion of the exix.se.l habde of the 
emulsion to silver. They harden the gelatin locally, in the region where tlu* silver 
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deposit occurs, and they leave an insoluble oxidation product of the pyro along with 
the silver image. The existence and extent of this image may be shown by removal 
of the silver after such development. When weak, this is merely the familiar “pyro 
stain,” but conditions may be chosen which make this quite a strong brownish image. 

The first of these effects has been used to produce relief images of the type some¬ 
times used in imbibition printing processes, particularly those used in color processes. 
When the original exposiire is made through the transparent emulsion support, 
images can be produced close to that support and differing in thickness, depending 
upon the exposure received. This latter effect, difference in thickness of deposit with 
exposure, is enhanced by using an exposing light to which the emulsion is strongly 
absorbent, thus using the absorption characteristics of the emulsion itself to secure 
relief characteristics for the image; or, alternatively, to use a dyed gelatin to enhance 
th<^ inherent optical absorption of the emulsion and thus enhance the image depth- 
exposure relationship. In either case, after development in the pyro developer 
without sulphite, the soft gelatin above the image which is hardened locally by 
development is washed off by warm water. A relief image thus results, which can bo 
used for imbil:)ition transfers and printing. 

Several articles have been written concerning this subject. These formulas arc 
taken froiti a summary in “The New Photo Miniature,” old series, #207, new series #2, 
July 1935, by A. F. Odell. 

A formula proposed for this hardening effect is: 


No. 25 Hardhnino Pyro Developer 


p.vro. 8.2 k. 

f'itric acid. 0.2 k. 

PolaHHiutn hrotnidc. 4.0 g. 

Sodium hydroxide. 3.4 g. 

Ammonium chloritle. 1.7 g. 

Water to. 1 1. 


1 oz. 40 gr. 
12 gr. 
235 gr. 
200 gr. 
100 gr. 

1 gal. 


A 2-min. d(vv(fi()pment at 65® has bcmi suggested, fallowed l)y a wash at 110 to 
150°1<\ to rcirnovc the: soft gelat in. The exposures for this work are made through the 
emulsion HU|)})ort. 

Less i)r!ic.tieal use has betui made of the colored image resvdting from the deposit of 
the insolubU' oxidation product of pyro along with the silver image. The fact that 
|)yro-d(V('lo{)cd imagt'S tend to prodtu^e higher printing contrast than more nearly 
lUMit ral-t.oiHMl images of similar appearance was mentioned before. Some attempts 
lia.v(' Ixxm mn,d(' to use this color inuige as a yellow or niinu.s-blue image in color 
|)hot()graphy, hut it is not. ji good yellow, and its use has not been satisfactory. 

(*ol()r-fornnng Developers .— A rrudliod for producing colored images by color¬ 
forming d('V('lopers has he(m known for many years but has not been Tised to any 
<‘xl<‘nt until some of the n'cemt. work on color photography. In 1912 some procedures 
w<‘re de.scril)('<! whitdi n^sultf'd in the deposit of a colored compound along with the 
d(w<dop('d silvan-. In a,d<lition to the. insohihl<> pyro oxidation product noted above, 
a. wid(' range: of (‘olors (am b(^ {)roduced by tlu^ us<: ol “color lormers ” and color-foi'ming 
dev<'lop(MS. d'he colorcal ch'posit is th(( rc'sultof cou|)rmg th(^ oxidation product of the 
n-dueing agent of the d(‘V(dop('r with a eonqxamd which may be in th(( d(W(dopcr solu¬ 
tion or in (he i)ho(ogra.phie emulsion itself to form in situ a new insoluble colored com- 
poimd. d'his comp(ain(l is little in evidence while the silv(u- image is present but is 
\ (‘i-y ('vich'iit upon rtunovitig the silver by hleaching, and a very wide rang(; of colors 
may he pro(hic{'d. 

Oidy a f<'w of the wide range of photographic^ developing agemts lend themselves 
(,o this work, hut a, wide range of color form (us is known for addition to the devedoper 
to produce many different shades. The developing agents arc: 
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p-Phenylenediamine 
Ethyl p-phenylenediamine 
Diethyl p-phenylenediamine 
Methyl p-phenylenediamine 
Dimethyl p-phenylenediainine 

These are sometimes supplied as the hydrochloride. 

The methyl compounds are toxic to most people, the mono-compounds frequently 
give poor colors, as does the p-phenylenediamine itself leaving the diethyl p-phenyl- 
enediamine, usually supplied as the hydrochloride, as the most important agent for this 
special field. When this is used as the color-forming developer, a large number of 
compounds can be used to produce colors. A few are listed below: 

For yellows: 

Acetoacet-2,5-dichloranilide 

Acetoaeetanilide 

Acetoacet-o-chloroanilide 

For magenta: 

p-Nitrophenylacetonitrile 
l-Phenyl-3-methy 1-5-pyrazolone 

For bhie to blue-green: 

Alpha-naphthol 
o-Hydroxy diphenyl 
4-Chlorophenylphenol 

In case commercial use of color forjncrs is contemplated, th(^ patent situation 
should bo thoroughly investigated, as many are covered by patents, though the 
patents expired some yc^ars ago on the compounds used in the earlicn work in this field. 

Color can be produced by the direct development of the lat(mt image, l)ut th(^ 
reducers and formulas xised are rather weak as developers; it is somewhat simpler to 
develop and fix the emulsion as usual', then bleach and redevelop in the apj)ropriate 
form Vila. This redevvdopment again deposits the silver image which must lie rernoved 
in turn by additional bleaching and fixation or evpiivalent steps. 

A typical procedure for producing a colored image in positive motion-pi(d,uro film 
for example is: 

1. Expose and develop as for any ordinary print. 

2. Rinse, fix, wash, and dry (if desired). 

3. Bleach to silver ferrocyanide in: 


'Pot.usBiinri fciri(\vaiu<lc... 

Ammonia ((aincont rated). 

Water to... 

4. Wash thoroughly 

5. Redevelop in: 

Diethyl p-phenylenediairiino hydrooliloridf^. 

Sodium B^^lph^t(^ (aiihydrtiuH). 

Sodium carbonate (rnoiiohydrated). 

Water to. 


37.5 K. oz. 

5.0 (Mb 5 fl. <lr. 

11 . 1 


3 

PC* 

175 p;r. 

5 

S. 

290 Kr. 

5 

K. 

4 oz. 290 Ki - 

1 

1. 

1 md 


to whic^li the following* solution has been added jiifcst before use: 


Cooler form(‘r 
Alcohol. 


lOO cc. 


15 -™ 12 () 

n. oz. 
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The solution of diethyl p-phenylenediamine hydrochloride does not keep well, 
hence it should be made up only a short time before use. 

6. Wash 

7. Bleach in the same formula as used for step 3 

8. Wash 

9. Fix in a hypo solution free from acids and sulphites as they bleach many of the 
colors formed. A plain hypo bath of 20 to 30 per cent strength is suitable. 

10. Wash, and dry as usual. 

Extensions and variations of this process are used at present in experimental color 
processes. Accordingly, there is considerable activity in this field and new color 
formers, formulas, and processing methods appear iituninent. 
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CHAPTER XIII 


FIXING, WASHING, AND DRYING 

By Beverly Dudley 

In general, the processing of photographic materials siil)Soquent to that of develop¬ 
ment includes: (1) rinsing the negatives in a short-stop bath to stop d(vvelo[)in<‘ut and 
to make the materials acid in order to prevent alkalinization of tlu' fixing batli; (2) 
fixing the material so that the developed latent image may be permanent; (3) washing 
the material to rid it of the fixing solution which, in time, would othcu-wise stain it; 
and (4) drying. Sometimes one or more of these processes may Ix^ ornitt(al. Por 
example, short-stop baths are frequently dispensed with by the amateur who proct^sses 
a relatively small quantity of material, and where the element of time is of importance, 
as it is in newspaper work, negatives may be used while th(!y arc^ still wet. But the 
normal procedure follows the prodesses enumerated above, and tlu^s(^ will he (h^alt with 
in this chapter. 

Short-stop Baths. Function of the Shortstop Bath. —Thc^ sliort-stoi) hat lii has two 
important functions. Its main purpose is to arrest development of tlu^ latemt imago 
after the photographic material is removed from the developer. If houh^ .short-stop 
bath is not employed, the film of developer solution adluiring to tlic^ n<‘gativ(^ or print 
continues to develop the latent image much the same as if the i)ho(.ograplii(^ material 
were permitted to remain in the developing solution. The se(X)nd f)ur{)OHe of tlu< 
short-stop bath is to prevent the photographic material from carrying alkaliiu^ solu¬ 
tions from the developer into the fixing bath where an exces.s of alkali rmuh'rH t fixing 
solution useless. The alkaline solutions which adhere to the film frorti Mu' dtvveloper 
may be partially removed by washing the film thoroughly in water b('for<) fixing, but 
removal of the alkali is made much more effective by placing the pbotograj jhic material 
in a short-stop bath or acid solution before fixing. '^Fhe u.s(> of Hliort-Ht.op but hs aids 
in the prevention of fog and developer stains and ludps to i)r(W(mt sl udging of t-h(' fixing 
bath. If the acid short-stop bath contain.s hard(;ning ingredit'ii(s, it i.s {lossibhi to 
eliminate the hardening agents in the fixing bath. 

Desirable Properties of Shortstop Baths .—The desirable properties of short-stop 
I)aths have been summarized by Crabtree and Kii.s.sell' in tlie following matux'r: 

1. The bath must be distinctly acid and to be eflicatmt must nunain a.cid during ( lu^ 
life of the fixing bath. Although the .stop bath must bc^ sufficucmtJy acid to insure* long 
life, when the film leaves the bath, it is more or kjss acid and will f iu'n'forc iticr(>ns<‘ the 
free-acid content of the fixing bath wbiedv in turn will intuaeases tlu' f('iid<mcv of tin- 
latter to sulphurize, dhe choice ot acids thercloro dcqamd.s upon l.ln^ pro[)(msity of 
the acid to precipitate sulphur in a hypo .solution. 

2. A stop bath should not be sufficiently acid to cause blistcu's, and the limit, of 
acidity in this case is much lo.ss than in the ca.se ol a fixing b}(,(.h bee.Mii.st* t Pn^ a lkalinity 
of the film is much greater when removed from the devedoper than afl.er a sligld, rinse 
and previous to the immersion in the fixing bath. 

I Crabtree, J. I., and H. D. Russeli., Some Properties of Chrome Alum Stop Buttis aiitl t'ixinfs 
J. Soc. Motion Picture Enars., 14 (No. 5), 483-512 (1930). 
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3. A hardening stop bath, should have properties similar to those of a plain acid 
stop bath and in addition should produce satisfactory hardening throughout its life. 
Since the hardening pxoduoed by alum mixtures varies with the quantity of developer 
or alkali added, it is apparent that an acid hardening stop bath will not produce 
uniform hardening except for a limited time unless it is suitably revived. 

Composition of Stop Baths .—The composition of a number of suitable stop baths is 
given in Table I. The chemicals should be mixed in the order in which they are given. 

The 28 per cent acetic acid required for one of these stop baths may be made from 
glacial acetic acid by diluting 3 parts of glacial acetic acid with 8 parts of water. 


Table I.— Composition op Stop Baths 


Cqnstituenta 

Non hardening 

Hardening*' 

1 

2 

3 

4 

51 

6 

Recommended for. 

Lantern 

slides 

Plates 

Bromide prints 

Films and plates 

Sodium sulphate, g. 

192 






Sulphuric acid, oc. 

83.5 






Chrome alum, g... 





20 


Sodium bisulphite, g.. .. .. 





20 


Acetic acid (28 per cent), oo. 



48 

38.5 


PotaBsiiun mctal:)iBulphit«, g. 


50 




PotaBaium chrome alum, g,. 






30 

Water to make, 1. 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 


' Does not. koop well. 


With the acetic acid stop bath, m^gatives or prints should he immersed in the stop 
bath for about 5 sec. Ixd'ore fixing. 

'The potassium chrome alum stop bath is especially suitaldc for use in hot weather. 
When ininuTHcd in this hardtuiing stop bath the negatives should be agitated for the 
first 30 or 40 sec. They should nunain in this bath for 3 rniu. Agitation of the film 
assists in the prevention of blisters due to the (hicornposition of carbonate in the 
devedopeu- by the chrome alum and pnwcuits stains tlue to the; prcuiipitation of chro¬ 
mium hydroxide by the alkali of the developer. This bath may require frequent 
roiuiwal. 

Processing Conditions .—To rediu^e to a minimum iill tendency toward reticulation 
or uneven swelling of th(i gelatin, it is desirable that all processing solutions be main¬ 
tained at the same tmnpftratures, Since the temperature at which the processing 
solutions ani uh(hI is usually determiruHl by the temperature of satisfactory operation 
of the dev(doper, whi<di is usually between (>5 to 70°F., it is desirable that the stop 
batlis be uscul in this t<unperature ranges. The potassium chrome alum stop bath, 
liowever, may b(; us('d at t(unp<watures considerably above this if it becomes necessai^ 
to operatti with warnu^r solutions. 

It is advisable to agitatci the photographic materials immediately upon immersion 
in the stop bat.h. 

Th(^ stop bath should he discarchul wluui a sludge forms cither in the bath or on the 
films or, in the cas(^ of hard<ming baths, when the bath fails to harden the gelatin 
(uuulsion. boiue r(^vival of batlis may be accomplished by adding sufficient acid to 
maintain the original acitlity. In many cases however, it will be more satisfactory 
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to replace the exhausted solution with a new one, rather than to attempt to replenish 
it by the addition of acid. 

Most developers contain carbonates which may be decomposed by the acid in the 
stop bath with the liberation of carbon dioxide. The evolution of carbon dioxide is 
prone to cause the emulsion to blister, especially if the materials are not agitated upon 
immersion in the stop bath. It may, therefore, be good practicie to rinse the films or 
prints for a few seconds in clear water before placing them in the stop bath in order to 
remove as much of the developer as possible. This procedure will, however, dilute the 
stop bath. 

Since the stop bath prevents development, no harm will be done if the films or 
prints are left in the stop bath until it is convenient to transfer them to the fixing 
solution. This procedure may be convenient where a small quantity of work is being 
done, since it permits the operator to prevent contamination of the develojier with 
hypo which might be picked up on the fingers from the fixing solution. 

Fixing. Purpose of Fixing .—After development of the photosensitive material 
(either film, plate, or paper) the emulsion contains the metallic silver image which has 
been reduced from a silver halide during the process of development; it also contairm 
grains of silver halide which have not been acted upon by light during exposure and 
which, consequently, have not been changed to metallic silver during development. 
This remaining silver salt is still sensitive to light, even if the photosensitive material 
is desensitized, and the salt will therefore ultimately become dark and mask tlm image. 

To prevent this action from taking place and to assure that tlie image will lamiain 
permanent, a fixing bath is employed. Perinanance of the images may be aca-omplished 
either by (1) rendering the unexposed silver salt as permanent as the nu'tallii^ silver 
and preventing its subsequent exposure or by (2) dissolving away th(^ salt from the 
metallic silver image. In practice the latter method is universally (unploycnl. 

The silver salts for which the fixing bath must be solvent are silvtu- chloride, silver 
bromide, and silver iodide. Silver bromide is the most common, althougli all three 
may be present. All three of these halides are soluble in potassium cyanidci (KC’N), 
ammonium hydroxide (NH4OH), and sodium thiosulphite (Na^SAb), but not all 
these solvents are suitable for ordinary photographic work. PotaHsiiun cyani<h% for 
example, is highly poisonous, has a softening effect on the gelatin and is also a solvent 
for metallic silver. Ammonium hydroxide produces the objecd ionable and pungtmt 
odor of ammonia (NHj)- Sodium thiosulphite, commonly known as “ hypo ” from its 
other chemical name, sodium hyposulphite, is tlie only other ah('rna.tive of Mu* com¬ 
monly available materials and is used almost exclusively in photographic fixittg baths. 

Chemistry of Fixing .-—The chemistry of fixation, lik(‘ practically all pholographiit 
chemistry, is rather involved and highly coinplicatcHl, (^spcHually since' rnanv cli(*mi(*.al 
compounds may be formed during the fixing procusss. No attempt will Ix' made to 
indicate in any detail the possible chemical reac.tions wdiich arc thought to i.ak<‘ place; 
an equation or two indicating the rationale of the essovutial opcu'ations may not, liow- 
ever, be entirely out of order. ' ’ 


The exposed and developed, but unfixed, photographic' matf'rial ('ontains deposits 
of metallic silver (Ag) as well as of silver halide whic'h wc may designate' ns AgF, if wc 
understand the symbol F to represent the appropriate halogc'u, usually bromide', 
thus the developed film contains the compounds Ag -f AgF, and it is (h'sinul to 
remove the halide leaving only the metallic silver. If tlu' d('v<'loped film is inum'rm'd 

m a solution of sodium thiosulphate Na^S^Oa, the clu'inical ri'acthms may be 
described as 


3Ag + 3AgF -h XNasSaOs = 3Ag + 3NaF + Na6Ag3(S.,0;.)4 + 

(jjf _ 4^ ( I) 
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The first term on the right side of the equation represents the metallic silver which 
remains on the photographic film and is unaffected (for the most part^) by the sodium 
thiosulphate. The two middle terms represent compounds in solution in the hypo 
bath, while the last term shows how much hypo remains. Several silver-sodium 
thiosulphate compoitnds beside that shown are possible, and it is probable that a 
number of different ones coexist in equilibrium in the solution. Which particular 
cornpounds are present depends upon the concentration of silver or upon the exhaus¬ 
tion of the solution. A highly exhausted hypo bath may contain an appreciable quan¬ 
tity of NaAgSiiOa, which is only slightly soluble and somewhat unstable. Because 
of the low solubility, this compound will be difficult to wash out from the film. It is 
also unstable and may break down to form silver sulphide (Ag 2 S), which produces 
stains. It is important to observe that the amount of fresh hypo solution has been 
reduced from ANaaSaO* to (X — 4 )Na 2 S 203 , so that it will be less effective in subse¬ 
quent fixations than in the original bath. 

If only metallic silver and silver halide were brought over into the fixing solution, as 
indicated in the equation above, sodium thiosulphate would be a satisfactory solvent 
for the halide and would be a suitable fixing solution. However, the film carries over 
into the fixing solution a certain amount of the developer solution. The developer 
solution in the hypo oxidizes, and the oxidation products produce stains. This 
situation may be prevented through the use of a stop bath or, if this is not convenient, 
l)y adding to the fixing bath some substance which prevents the oxidation of the 
developer solution in the fixing bath, as well as an acid to neutralize the alkalinity 
of the developer. The addition of the acid (which is usually sodium sulphite) in the 
fixing bath also aids in preventing oxidation of the developing agent. 

While fixing baths containing the silver halide solvent (hypo), an oxidation 
preventive (sodium sulphite) and an acid or acid sulphite (such as acetic acid or 
sodium bisulphite) produce a suitable fixing solution, a hardening agent is also usually 
added. This is desirable because the hardened film is not so easily damaged in 
handling and in subseciuent operations as a nonhardemed film. The three most impor¬ 
tant gelatin hardeners are: (1) potassium alum [K2S04-A1(S04)3-24H20]; (2) chrome 
ahmi [K2b04-Cr2(S04)jf24H20]; and (3) formalin, which is a 40 per cent solution of 
formahhdiyde (HCHO) in water. 

Unless a stop l)atli is (unployed, free acid in a fixing bath is a necessity to prevent 
stains dm; to oxidation of the; develop(;r in the fixing bath. So far as the neutraliza¬ 
tion of tin; alkalinity of the d<;veloper is concerned, any acid might be used. Prac- 
iictally, how(;v(;r, the \ise of a strong a.cid r(;sull.s in the liberation ot sulphur which in 
turn r(;acts with metallic silver to i)roduce stains of silver sulphide, according to the 
e(iuutionH: 

Na 2 S 2()3 -f 2H(:i = 2NaCn + II 2^03 + S (2) 

2Ag -1-8= Ag 28 (3) 

Mechanism of Fixing .—In a giv(;n p(;riod of time and with active agitation of a 
fr(;Hh fixing bath whos(; volunu; is large compared to that ol the material being fixed, 
a c(;rtain portion of the silv(;r hromi(l<; originally pr(;s(;nt in tlu; photosensitive material 
will be dissolv(;d. In th<; n(;xt unit ot time tin; same; fraction of the silver which 
remains after the (-ml of the first tinn; interval will be dissolved, and so on. In time 
int(;rvals of the sanu* duration t,h<; sanm fra<;tion of tin; remaining silver will be dis- 
Holv(;d. Tlu; amovint of Hilv(;r dissolved in each time interval will decrease with time. 
'The dissolving of the silver bromide is tIu;rofore a g<;ometrlc or exponential process 

1 Sec RnasKia., H. O., aii<l .1. 1. Cuah'i'kbk, Ttie ReUuciiig Action of Fixing Baths on the Silver 
IrnaKe, J. Soc. Motion Picture Kngre., 18 (No. 3), 371-397 (1932). for a study of deviations from this 
general statement. 
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rather than an arithmetic one. Since a certain fraction rather than a certain amount 
of the silver bromide is dissolved in each time interval, it is theoretically impossible 
for all the bromide to become dissolved, although the amount remaining undissolved 
may be made as small as may be desired by leaving the photographic material 
immersed in the fixing bath for a sufficiently long period of time. 

Quantitatively, the amount of silver bromide left in the negative at any time can 
be computed in terms of the original amount of silver bromide when the law expressing 
the rate of dissolution is known. If the temperature and concentration of the fixing 
bath are maintained constant, the rate at which the silver bromide dissolves is (at 
least for a first approximation) proportional to the original amount of the salt and is 
also proportional to (1 — k) where k is the fraction of the bromide dissolved in unit 
time. If S is the amount of the salt (silver bromide) remaining after any time t, the 
rate at which the silver bromide dissolves is expressed by the equation 

^ = -A.S'(1 -/c) (4) 

where yt is a constant which depends upon the units used and is to be determined 
experimentally. By separating the variables, integrating, and transforming from the 
logarithmic to the exponential form, the amount of undissolved salt S at any time t 
is given by the expression 

S = (6) 

The factor k is termed the velocity constant of fixation and depends upon the 
temperature and concentration of the fixing bath. It is dependent upon the amount 
of silver bromide and the condition of the gelatin, although, for a given set of condi¬ 
tions, k is larger for chloride than for bromide emulsions, so that the latter would 
require a somewhat longer time for the same proportion of l)rornide to become dissolved. 

From a theoretical point of view, an infinitely long time would b(; required to 
dissolve out completely all the bromide in a negative or plate. However, it is desirable 
to know at least approximately what length of time will be required to fix the photo¬ 
graphic materials satisfactorily from a practical point of view. From thei formulas 
which have already b(Hm devtdoped, it can be shown that the time of fixirvg is 


t 



(«) 


where Si = the amount of bromide left undissolved at the end of tlu' fixing tinu'; 

S\ = the amount of bromide originally present. 

Since this e<iuation involves the ratio of Si to S{, we may determine l.he tinu* of fixing 
for th(! bromide to be reduced to any fraction of its original value. A common prac- 
tic:o in photography is to dcitcrmine tlui “time of clearing” of a negative and to use t his 
as the minimum time fixation. The clearing time is that reciuinul for th(^ m^gativc' 
to become free from its opales(!ence. It is (dairned by Warwick* that from .5 to 12.5 per 
cent of the bromide remains undissolved when the negative is just (deared of its 
opaleH(a!nce. If we use a value} of 10 per c(}nt as reprcisenting an av(*rage vnlu<}, tlu'n 
Si/Si = 0.1 and log,, = -2.3026. Thus th(} time of (jlearing is 


2.3026 
A (1 - A-) 


(7) 


The equations developed may he r(}gard(>d as giving some insight into the mecha¬ 
nism of op(}ration of the fixing bath. As a g(}neral rul(}, th<' t(}mperature and conctui- 

1 Wahwk'K, W, a., "1'Ih“ Ijuws of [''ixatjoti, Am, Phot., Noyeintjer, ItOtJ, 
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tration of the fixing baths vised in practice vary so widely throughout their life that 
an evaluation of the constants is likely to be merely of academic interest. 

So far as the physical action and effects taking place are concerned, the rate of 
fixation is determined la,rgely by the penetration of the sodium thiosulphate through 
the film, because the chejmical action takes place rapidly compared with the rate of 
.penetration of the hypo. Of course, the rate of fixing depends upon the agitation of 
the fixing solution over the photosensitive material, as well as the freshness of the 
fixing solution. If agitation is lacking, the rate of fixing will be less than that which 
might otherwise be expected. In an unagitated fixing bath the chemical reactions 
take place only at the surface of the material, and any additional removal of silver 
halide then becomes dependent upon the relatively slow process of diffusion rather 
than upon mere soluliility. 

Requirements of a Fixing Bath .—To bo perfevffly satisfactory, a fixing bath should 
fulfill the following six requirements: 

1. Throughout its life, the fixing bath should dissolve the silver halide from the 
(unulsion without staining the photographic material. 

2. The fixing bath should not precipitate sulphur, evcm when used at fairly high 
tmnperatures. 

3. Throughout its useful life, the fixing bath should not precipitate aluminum 
sulphate. 

4. The bath should not produce blisters in the gelatin coating of the film. 

5. The fixing bath should provide a satisfactory degree of hardening. 

6. The fixing bath should be etxmomical, i.e., its cost in terms of the amount of 
material fixed should he as low as possible. 

Uneven stains are obji;ctionahle because of the denser image they produce in the 
final print. Uniform, colored stains may not be injurious, in a negative from which 
positive prints arc^ to be made. Tluiy may be olijei'tionable in positive motion-picture 
film or in paper prints. 

If the second requirement is not met, more or less colloidal svdphur will be pre¬ 
cipitated in the gifiatin of the film. The precipitated sulphur cannot be removed by 
washing, since sulphur is insoluble in water; it will, however, combine with the silver 
of the fixf^d n<‘gative, idt.imately causing silver sulphide stains and fading of the image. 

A priHupitate of aluminum sulphiti^ forms wlum the fixing bath b(H*oines neutralized 
by the alkaline of the <levelop(u- whicdi is (ni.rri(Hl ov(vr into the fixing bath. The 
aluminum sulphites occurs as a i-('a,ction of the ahirn hardening agcuit with the alkaline 
sulphite prescirvativiu 

Blisters are usually prodmuxl in tln^ fixing bath by the f,oo rapid formation of carbon 
dioxide gas. Bubbles or gas pockc'ts of carbon dioxidi^ may then form within the 
gidatin layt'f wliich may finally break, '^rini carbon dioxich^ is formed by th(i c.arbonatc^ 
of th(^ d(wcd()p(n’ ca.rri<‘d over into th(> fixing l)ath reaef.ing with the acid of tlu^ acid 
hardening fixing solution. 

Hardening is us('ful primarily to ndanl tin; swelling of the gelatin coating so that 
th(^ film ma.y be dricvl more ra.pidly than if it is not. hardiuuul. In unswollen and 
harchuied film a minimum of watiu is prc^smit, and e.onsiuiuently drying may proceed 
rapidly. Ha.rd('ned films may also bc^ dri('d at higluu' tiuiiptuature than unhardened 
film without t he potent,ia,l danger of softening or midting the gelatin coating. Harden¬ 
ing may not. b(' rcMiuiriul if th(' gidatin do<xs not swell so much during the processing 
t hat the film may la; ha,tidied and drit'd sa.tisfa<>torily. However, the hardening agent 
tnay b(i (‘otiveiiiimtly a.<ld<‘d to tht' fixing bjit h so easily t hat it is worth while to employ 
t he hardtmer as a sa feguard. 

ClasHificdiion of Fi.ring Stwvu'jil typt'S of fixing baths art^ in (‘oinnioij use 

atid may be clnssifiecl tis follows: 
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1. Nonhardening fixing baths 

a. Plain hypo baths 
h. Acid hypo baths 

2. Acid hardening fixing baths 

The purpose of the plain hypo fixing bath is simply to dissolve the silver halide 
from the emulsion so that the sensitized grains will not be subject to exposure after 
development and thereby ultimately stain the photographic material. Acid fixing 
baths fulfill the same purpose, but, in addition, the acid neutralizes the alkali which is 
carried over from the developer into the fixing bath so that the fixing bath may be 
used over a longer period of time. The purpose of the acid hardening fixing hath, 
which is probably the most convenient and frequently used form of bath, is (1) to 
dissolve the silver halide, (2) to neutralize the alkali carried over from the developer 
into the fixing bath by the photographic material, and (3) to harden the emulsion so 
that it is easier to manipulate without danger of damaging it. A definite quantity of 
acid hardener is added to a specified amount of plain hypo solution to prevent troubles 
which might otherwise arise during the process of fixation. 

After the negative or positive has been developed the desired length of time, it is 
liecessary to stop development promptly. One method of accomplishing this is to 
remove the photographic material from the developing solution and rinse it in clear 
water which dilutes the developer clinging to the photographic material and con¬ 
sequently removes most of the adhei’ing developing solution. However, this rinsing 
is never sufficiently complete to stop devodoprnent entirely as some of the ileveloper 
remains in the pores of the gelatin coating. If the photogi-aphic- material is rinsed in 
an acid bath instead of in clear water, the acid will neutralize the alkali of the dc^veloper 
so that develoiJiTient can no longer continue. The iinmediate stopping of development 
eliminates stains which might otherwise appear on negatives and prints if only a. plain 
solution of sodium thiosulphate were used in the fixing bath. 

The alkali in the developer, which is added to energize the developing agent, 
softens the gelatin of the emulsion, thereby rendering the x)h()tograpluir material 
more susceptible to damage. The acid hardener is consequently achknl to countcnact 
this effect by hardening the emulsion. White or potassium alum is frequcnvtly used 
as a hardening agent. It has, however, a limited hardening (fffect on the g<datin 
which, under certain conditions, is not sufficient to prevent softening of the gelatin at 
moderately high temperatures. Where greater hardening action is nviuin'd, cdirome 
alum is employed. Formalin or formaldehyde has even gr(nit(y;, hardening (dTcah, than 
chrome alum. Consecpiently chrome alum or formalin hartlcMiers are (unployt'd where 
cumsiderable hardening is requiretl or where^ the amount of hardening provid(Hl by 
potassium alum is insufficitmt. 

To k(n>p down the amount of oxidation whicli occurs during th(‘ fixing f>rocess, a 
fnxiservative is added to tlie acid harchmer. The purpose of this fn-eservat.ivt^ is to 
itdiil)it the formation of sulpluir, tluu-eby eliminating (or athaist redmnng) tln^ tendency 
for the formation of silver sidphide whi<!h turns brown and stains the negative's or 
fjrints. The preservative usually added is sodium 8uli>hit(!. ddu! preservative aedlou 
is greater when the fixing bath is maintained slightly aeld. 

Plain Fixing Baths .—A plain solution of sodium thiosulphite will dissolve^ ( he silv(u- 
halide grains in the developed emulsion and will, eionsequently, a(au)mplish fixing, 
j:>rovided little or none of the devc;le)ping solution is c.arrieel ovew into the^ fixing bath 
by the photographic mateu-ials. If a plain fixing bath is used, it is desirable, euther 
to wash thci film thoroughly betweem ehvedopinent and fixing in a bath of e-lejir water, 
eu- to neutralize the alkali of the elevedoper through the use of an acid Mte)i) hath or 
rinse V)etween doveloprntmt and fixing. When the latter x)roceHlur(^ is ennijleyyed, soiru^ 
f^eKlium sulphite must be added to the fixing bath in e>reler to prevemt sedphurizatiop 
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of the hypo bath by the acid carried from the stop bath into the fixing bath. If these 
precautions are not taken and the photographic materials are delivered to the fixing 
bath directly from the developer solution, the fixing bath soon becomes discolored 
from the oxidized developer, and these oxidized products stain the negatives and 
prints. With a warm fixing bath a tendency exists for the gelatin to swell and to 
become soft, which may easily result in frilling, reticulation, melting of the emulsion 
from the gelatin base or other difficulties. 

The only problem likely to arise in the determination of the composition of a plain 
fixing bath is that of determining optimum concentration. Various investigations 
indicate that the maximum speed of fixing occurs when the hypo concentration is 
about 30 to 40 per cent. 

Add Hardening Fixing Baths .—A good summary of the properties and character¬ 
istics of acid hardening fixing baths has been given by Crabtree and Hartt*^ from which 
the following material is taken. 

An acid hardening fixing l)ath contains the following ingredients; (1) a silver 
halide solvent, (2) an antistaining agent, (3) a preservative or sulphurization inhibitor, 
and (4) a hardening agent. 

Although many solvents of silver halides are available, the most satisfactory for 
fixing purposes are sodium and ammonium thiosulphates. A solution of ammonium 
thiosulphate of given concentration fixes more rapidly than a corresponding solution 
of sodium thiosulphate, but ammonium thiosulphate is more expensive, and commer¬ 
cial grades are apt to contain free sulphur. For most ijurposes sodium thiosulphate- 
fixes sufficiently rapidly and is entirely satisfactory. 

Practically any acid will function as an antistaining agent because it has merely to 
neutralize the alkali in the develoix^r (sarried over l)y the films and thereby retard 
oxidation of tin; developing agtnit. Organic acids arc^ inorc^ suitable than inorganic 
acids because they are h^ss (liHsociat<'d and therdore have a c.orn^spondingly smaller 
tendency to precipitates sul[)hur from the fixing solution. Aiu'tic acid has been found 
to be the most gimerally efficuimt for use in fixing baths, but much is still desired, from 
the standpoint of a perfetd. a,(n<l, for this purpose. 

It is imperative, when compounding an aiud fixing bath, to havij a (piantity of 
free acid present to prevent dis(a)loration of t he bath by d(^v('lo|)cr oxidation products 
and to prevent the pre(upitation of l.h<^ hai'diming agfuits ))y tlu^ alkali in the d(weloper. 
This free a,cud tcuuls to (cause precipitation of sulphur from the; hyjK) especially at 
t(imi)era,t.ur<'H abovee 7()“F. It is thewdone ncccccssary lo add somcc substanece which will 
prevent t hcc iirecipitation of sulphur wit hout impairing tluc antistaining pro|)erti(cs of 
thci acid. 

Two type's of substaiic.c'S a.cct in this maTinc'r. ddicc first of thccscc (consists of tluc 
alkaliruc sulphites of which sodium sulphitcc is 1 h(' most conimon. Sirucce hypo (hecorn- 
poses in tluc prccse'rucec of acid to form sodium sulpliitcc and sul])hur, it is c.onsichcred tliat 
the addition of sulphitec to an aecid (i.xing Icath rect.ards tiu' deeconeposition ol the hyi)o 
because it tends to n'vecrsc' the auction by virt luc of its mass auct ion. 

Tlui S(c(c()nd t.yptc of jirecscrvat I vie (consists of tlu' alkali salts of organiec aucids whiedi 
are corntnordy r('f(‘rr(cd to as buffer salts; sodium a.c(cta.t(c is a typical (example. The 
effect of this t-ypuc of siibslaneec is to buffecr or rcdiucec tluc hydrogicn-ion (coiK'U'iitration 
of the acid oinjiloyecd below tluc limits at whiech sulphui' is preccipitatued from hypo by 
acids. 

Tluc hardecning of geclatin ma,y luc (citlucr tu'inj)ora.ry or pecrmarucnl.. 'llcmporary 
hardening agents raisec tluc mdting juoint and pnevent flue swelling of tluc gdatin only 
while tluc gdatin is in (cont.auct with tluc Ivardecning solution. A (ccwucecntratucd solution 

1 CiiAnTRBifl, .J. I., and It. -4. Hautt, Some Propicrl.ioa of FixinR HalliH, ./. Soc. Motion Picture Kni/rs., 
13 (No. 38), .364 405 (U)2t)). 
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of sodium sulphate is a typical temporary hardener. The hardening produced by 
such substances is reversible, i.e., gelatin will subsequently absorb water and swell. 

Permanent hardening is characterized by a reduced absorption of water (swelling) 
by the gelatin during subsequent washing. Various materials may be used for 
permanently hardening gelatin, such as formalin, quinone, tannin, organic developer 
oxidation products, and certain inorganic compounds. Formalin, quinone, and 
developer oxidation products harden gelatin only in alkaline or neutral solutions, 
and their application is therefore limited to use in developers or to hardening of (U)iu- 
pletely washed film. 

Of the inorganic compounds, the salts of iron, chromium, and aluminum exert tho 
most powerful hardening action on the gelatin. Salts of aluminum are, perhaps, the 
most satisfactory hardeners because they are colorless, are readily soluble in water, 
and do not form colored compounds with the common developing agents, either in 
acid or alkaline solutions, but they give satisfactory hardening provided th(i wash 
water is not above 75 to 80°F. Sodium and potassium alum are equally efficitmt, but 
with the ammonium alum an evolution of ammonia takes place after the fixing bath 
becomes alkaline, and this tends to produce dichroic fog. 

Composition of Fixing Baths .—By way of summary it may be stated that (1) plain 
fixing baths contain only a solvent for the unexposed silver halide grains, (2) acid 
nonhardening fixing baths contain the silver halide solvent as well as an a(ud anti¬ 
staining agent and preservative or sulphurization inhibitor, while (3) atud hanlcning 
baths contain a gelatin hardening agent in addition to the ingredients already (uuimcr- 
ated for (2). 

The following tabulation shows some of the materials which have l)e(in us(h1 in 
fixing baths of the various types enumerated: 


1 . 

2 . 


3. 

4 . 


Silver solvent: 

Sodium thiosulphate (or “hypo”) 

Ammonium thiosulphate 

Antistaining agent. Pra(*.ti(^ally any a<ud may Ix^ uh(h1, although organic acids are 
preferred because they show less dissociation. Suitable tintistaining agcuits arc: 
Acetic acid 
Citric acid 
Tartaric acid 
Oxalic acid 
Lactic acid 
Malic acid 
Maleic acid 
Sodium sulphite 
Sulphuric acid 

Sodium bisulphites ) . . , 

•D_, • i I • 1 1 >-acKl salts 

Potassium rnetabisulphitc ) 

Preservative or sulphurization inhibitor 

Alkaline sulphites (sodium sulphite, for examplo) 

Alkaline salts (sodium acetate, for example) 

Gelatin-hardening agents 


Potassium alum 
Chrome alum 

Sodium sulphate (temporary hardcuuu-) 

Formalin (formaldehyde)) 

(Quinone >iii alkaline or neutral soJudons only 

Tannin \ 



Table II.—Composition' of Fixing Baths 
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The composition of fixing baths recommended for various purposes is given in 
Table II. No effort has been made to include all the fixing baths which have been 
published from time to time, but the solutions given are representative of current 
practice. The baths are divided into three main groups, according to whether they 
are plain fixing baths, acid nonhardening fixing baths, or acid fixing baths. Under 
these main groupings, the baths are further classified according to the use or special 
property for which they are recommended. 

The plain fixing baths, 1 and 2, are simple nonhardening baths. They are suitable 
for use where the films are washed in a stop bath or in fresh water between develop¬ 
ment and fixing. The baths differ only in concentration of hypo, and the two con¬ 
centrations given represent approximately the extreme concentrations encountered in 
practice for baths of this type. 

Baths 3 to 6 inclusive are acid nonhardening baths which are suitable for plates, 
films, or prints. 

Baths 7 and 8 are recommended for films, while bath 9 has been suggested as l)eing 
especially suitable for slides. The sodium sulphite is first dissolved in about 60 cc.. 
and the hydrochloric acid is added. The hypo is dissolved in about 900 cc, of 
water, and, when it has completely dissolved, the first solution is added to the hypo 
solution and the volume brought up to 1 1. 

Baths 10 and 11 have been recommended for prints where a nonhai-dening V)ath is 
suitable. 

Acid hardening fixing baths (12 and beyond) are the most suitable for general us<i 
as the processes of fixing and hardening are combined in a single bath operation. Th(^ 
first three baths under this classification are suitable for films, plates, or papers. 
Bath 12 is a potassium alum bath. Bath 17 keeps indefinitely before using and there¬ 
fore can he made up in advance of use; it can also be used repeatedly. Since it loecomes 
gradually alkaline with the addition of developer to the fixing solution, the V)ath should 
be discarded when it becomes frothy. One pint should fix fifty 4- by 5-iu. prints. 

Although listed here as especially suitable for motion-picture work. No. 15 is an 
acid hardening bath suitable for all professional films and plates. Bath 10 has tlu^ 
advantage of having the lowest effect on reduction of the silver image of a wide numl)er 
of fixing solutions investigated by Russell and Crabtree (see page 378). Bat.h 18 is a, 
chrome alum fixing bath for professional plates and films, as well as for m()tion-pi<‘tur(': 
work. Since chrome alum baths often lose their hardening jjroperties within a few 
days after their preparation, either with use or without, a fixish bath should be pre^- 
pared immediately before using. There is a tcmdenc.y for scum to form in old Ijaths, 
l)ut this scum may be removed by swabbing the surface of the film with (sotton. ]''or 
bath 20 the hypo sho\dd be dissolved in one-half the required volume of wai.er. The 
sodium sulphite, acetic acid, boric acid, and potassium alum shoxdd then b(> added 
in the order given here, after which the volume of solution is brought up to I 1. by 
adding the proper amount of water. Tins bath contains a minimum amount of sul¬ 
phite, so that sulphurization will not ocunir within a pesriod of 3 or 4 we(vks wlum 1.h<^ 
temperatxire is 70°F. If the bath temperature rises abov^': 70°F., double; th<; amount of 
sulphite indicated may be used. Bath 21 is a suil.al)le cdirome alum fixing bath for 
motion-picture work. It do(;s not hardem the film cixc.t^ssively but maintains its 
hardening properties on ke(‘ping. The bath does not sludge with the addition of a, 
relatively large amount of developing solution and, if the tcunperature do(;s not excee<l 
70°P., will not sulphurize in less than 4 weeks. 

Bath 22, suitable for paper prints, has an exceedingly long hardening sludge lib', 
and produces considerable hardening of paper prints. This borax bath has betni fouml 
to have a hardening life approximately four times that of bath 17 and a sludge lif(; fiv<> 
tijues as long. 
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Fixing solutions suitable for tropical processing, or where the temperature of the 
solutions cannot be reduced to 70°F., are given in baths 24 to 26 inclusive. Bath 24 
has considerable hardening action and will keep a week at 100°F., although it has not 
the keeping properties of the ordinary acid fixing and hardening baths. Bath 26 is a 
chrome alum fixing bath recommended for tropical processing where the temperature 
does not exceed 96°F. Bath 26 is a formalin solution for tropical development. The 
hypo should be dissolved in about half the reqxiired volume of water. The sodium 
sulphite and formalin should be added in that order, and the solution made up to 1 1. 
by the addition of the proper amount of water. The bath keeps well, although a 
harmless milky precipitate may form. The fumes of the formalin (40 per cent 
fornuildehyde) are irritating, and for this reason formalin should be kept in closed 
containers as much as possible. 

A fixing bath for prints or film, which, it is claimed, will completely fix in 2 min., is 
given as bath 27. The bath should be kept at 70°F. and should be made just prior to 
use as it does not keep well. 

Another fixing bath 8uital)le for rapid fixing is bath 28. 

Practical Considerations in Fixing .—The rate at which photographic materials are 
fixed depends upon (1) the nature of the emulsion, (2) the concentration and com¬ 
position of the fixing bath, (3) the degree of exhaiistion or the extent to which the 
fixing solution has been used, (4) the rate of agitation of the photographic material 
in the rinse and fixing baths, and (5) the temperature of the solution. 

In gcsneral, coarse-grained emulsions are fixed more slowly than those whose 
emulsions contain fine grains of silver halide. Likewise a film having a thin emulsion 
coating fixes more rapidly than one having a heavy, thick coating. Negative mate¬ 
rials, particularly fast plates and films, contain some silver iodide which dissolves more 
slowly thfiu th(^ bromide, and this is another (contributing factor to the relatively slow 
fixing of fast coarse-grained (emulsions. In practical, the maximum time requirc^l to 
compl(M(4y clear the film of its opah^scence is about 10 to 15 min.; if tlu^ film takers 
more than this time to chair, it is usually ecionomiiail to prepare a fresh fixing solution, 
<'ven t hough the fixing solution may not h<^ c;ompl(d.(4y (exhausted and would still b(- 
capahh^ of fixing the material in 20 to 30 min. h\)r mgative mativrials, the time of 
fixing is oft('n takini as twi(u^ the time recpiirixl for the film to biscome completely 
clean'd of its opnlescvmre. 

Printing pa.pe^rs may Ix^ comphd.edy fixc'd in about 1 min., provided the^ pape^r is 
thoroughly agitab'd in a fresh fixing solution and tlu' fre(' flow oi tlui fixing bath around 
the priid is not inhibit,< h 1 liy t he prx'se'uce of ot.lun- prints. In a,ctual practice, however, 
the prints arc not. usually very well a,gitat('(l in tlui fixing bath, jind it is diflumlt to 
pixuamf, two or morx^ prints from adluwing together. For this reason a lot\g(;r t.irne of 
fixation is riuiuin'd, 

I'or a givcai cimulsion and t,('mp<'ra.t ur(', t h(! t imeol fixation of a, Iresh hy{)o solution 
(h'pends uf)on t he con<‘('nt,ra1 ion of 1 h(' sodium t hiosuli)hat(', as shown in Fig. 1. From 
tlu'se curvi'S, whi<di are also r(‘pr(%s(ad a,tiv(* of f liosi^ obta,in(Ml tor othc!’(siiulsions, it, is 
s(‘en that tlu' optimum (ronce'nt.ration is not c^xt.rc'im'ly critical. Ncjgativc^ film fixes 
most, ra,[>idly wlu'u tlu! (amcc'iit,ration is 400 g. ol hypo p('r lit,(U’, so tluit 40 p(vi ccuit is 
t he opt imum solut ioti. ‘^I’Ik^ mot ion-pied.urc: posit ives film is fixcal nu^st (luicdvly in a 
30 per ci'iit, solut ion. Most, of t he fixing bat hs an^ imuh^ wit.h a concentration varying 
from 200 to 400 g. of tiypo per litc'r of solution. Unh^ss ra,i)id fixat ion is requirtid for 
sonn^ particular ])uriK)Si‘, a 30 pi'f c(mt solution will be found satisfactory for practically 
all purpose's. 

As thesame fixing bat h is useul rep('n,t,<'dly, the rate of fixation c.ontinuully (h'creases. 
The; falling oil of fixat ion rate is due to (1 ) dilution of tlu' bath as a result, of the addi¬ 
tion of developi'r or rinse water, as well as th<' removal of hypo to the wash water 
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when the films are changed from one solution to another; (2) the removal of thio¬ 
sulphate ions by virtue of the formation of complex silver thiosulphate ions as men¬ 
tioned on page 380; and (3) the accumulation of sodium iodide resulting from the 
conversion of the silver iodide of the emulsion to silver thiosulphate. It is, of course, 
possible' to revive the bath by the addition of hypo, but, as stated above, it is usually 
good economy to replace the fixing bath with fresh solution when negatives require 
more than 10 to 15 min. to clear. 

The rate of agitation of the photographic material in the fixing solution has an 
important bearing on the speed with which photographic materials are fixed. Experi¬ 
ments by Crabtree and Hartf^ indicate that if the time of fixing films without agitation 
is taken as 100 per cent, the time of fixation when agitation is made every 30 see. may 



Concentrcition: Groims Nci2S2 03*5H2O/Lifer Solution 
Pig. 1.— Clearing time of plain fixing bath for various temperaiuros an<l concentral iona. 

reduce this time to 80 peu cent. 1’hc tinu' of fixaiion ma,y be; rcduccid lo from HH (o 
60 per cent with (‘.ontinuous agitation, whercuis, wlu'ii brush t.r(>atin<'nt is used, th(' 
fixing time may l)o from 75 to 50 per cent-of tfn^ tinni r<Hiuir<>d witliout ngitiition, 
depending upon the emulsion and thi^ solution employcul. 

Figure 1 also shows thc^ effect of tornpcu'aturc upon l,h(\ fixing t ime. For mol ion- 
picture negative film, I^ig. 1 shows that with a 30 pc^r (uud. solution th(^ fixing time is 
decreased from about 3.75 to approximately 2 min. as the t(unp(u-ature is raised from 
55 to 75°F. For a 40 per cent solution, the fixing time is decreased from 3 to 2 min. 
for the same temperatun; change. For posil.ivii film, an iiienuise in teinpcratof 
from 55 to 75°F. reduces fixing time from 50 fo 30 sec. for a 30 jxu’ (‘(uif. fixing 
solution, hrom the shaiie of tlu^ curv(\s it is evidcuit (hat. tlu' fixing time is approxi¬ 
mately inversiily proportional to the txanperuture of the hath for tlm range' of lom- 
poratures normally encountered. For rniniinum fixing tinui, it is thendore advisabh* 
not to use the fixing solution too cold. At elevated temiieratures, howewe'r, ilu' 

' OiiAHTKBB, J. I., and II. A. Hartt, Some ProporticH of Fixing Bathw, Tmn«. Soc. Motion IHcixtro 
Enors., IS (No. 38), 364-40.‘i (192<)). 
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gelatin tnay become softened, and other undesirable effects may take place. It is a 
good rule to keep the fixing bath between 65 and 70°F. The fixing bath should not 
be colder than 60°F. 

A practical problem in the use of fixing baths is the determination of their exhaus¬ 
tion point. As the hypo bath is used, two important changes take place. First of all, 
the sodium thiosulphate is gradually used up in dissolving the unexposed grains of 
silver halide from the developed emulsion. With the decreasing amount of thiosul- > 
phate available for dissolving the silver salt, the time of fixing grows longer until 
finally the point is reached where the time of fixation exceeds the practical limit for 
efficient or economic fixing. The second change which occurs is a gradual diminution 
of the acidity of the fixing bath as a result of alkali being introduced into the bath 
from the developer. The hardening properties of the bath usually decrease fairly 
rapidly, and, when the acidity is below a certain point (usually near the neutral point), 
the bath is rendered useless by the formation of a sludge of aluminum sulphite which 
destroys the hardening properties of the bath. Consequently the bath should be 
discarded when the time of fixation becomes excessive, the practical limit usually being 
set at 10 to 15 min., or ixpon the formation of a precipitate of aluminum sulphite. 
The bath should also be discarded if it becomes dark or discolored and stains the 
negatives or prints, if it becomes frothy, or if the bath sulphurizes. 

A simple method of determining whether or not a fixing bath has been exhausted is 
to immerse a test strip of film in the fixing solution until cleared of opalescence. The 
strip is then washed thoroxxghly in running water, after which it is immersed in a 
1 to 3 per cent solution of sodium svdphide. If the test strip remains clear, the fixing 
bath may be rc'garded as satisfactory. However, if the test strip becomes colored 
brown or y<'llow, this discoloration is an indication that the soluble halides have not 
been entirely dissolved in the fixing Ixath, and consequently a new solution should be 
prepared. Slight changes in discmloration may be observed if only one-half of the 
test strip is treated in this manner; the untreated portion then acts as a control. 

For purpost^H of ciconoiny and rapidity in fixation, the practice followed by some 
commercial firms, of using two fixing baths in casc^ade, has much to recommend it. 

The film or print is {xlact^d first in a partially exhausted fixing bath where it is 
permitted to remain about 5 itiin., after which it is removed to a fresh fixing solution. 
When the first hat h is eixhausted, it is replac^ed by the second, and the second bath is, 
of course, r(‘|)lu(‘<Hl l)y a frc'shly compounded solution. The use of two baths insures 
more rapid fixing of the film t han (nin be a(a“.omi)lished through the use of only one 
l)ath. Moreov'cr, in Ixung transh'rrxKl to the se(H)nd bath, the films do not carry over 
any alkali from the developer, but ordy the partially exhausted fixing solution. Con¬ 
sequently, the life of the sc'c.ond bath is longer than if the first or Imffer bath were not 
<uni)l<)y(Hl. Anotiuu advantugt^ of f.hc! us(^ of two fixing baths is that, if the hardening 
prop<u(.i('s of th(^ first bat h a.n^ imixaircd, the second bath may be used to provide the 
lUM^essary ainount of hardeming. 

Pnaiautions shouhl be takc'U to s(iO that the first fixing bath does not produce 
dichroic fog, staitxs, or discolorations, since these will not be removed in the second 
bath. Both fixing ba( hs should l>e maintained acid and should be discarded when 
any of l.lu^ (roubk's nientioiuHl {i.l)ov(^ ocauir. "^riie films should l)e agitated when being 
immersetl in ilu' fixing solution. This is es|)xa;ially ti'ue with rtispect to immersion in 
the first fixing balh. 

Vo tuple Licm of Fixotio-n .—A epuistion of im j)orta.n(U! is the; di^termination of coni- 
pletcsncsH of fixation. Warwi(d<' states that the chuiring of tihe TKigal/ive is a sign, not 
that th(i action betw(*en the silv(*r bromiih^ ainl tbci sf)diuni thiosulphate is complete, 
but only that tlu^ opales<amt lay(U' of silv<w bromide has become so tenuous as to be 

1 Wahwick, a. W., 'i'he [.awH of KixaUon, Am. Phot., November, 1918. 
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invisible According to this view, fropa 5 to 12.5 per cent of the original bromide 
remains unattacked. This view seems to have gained some sxipport, for a practical 
rule frequently observed is to permit the film to remain in the fixing bath for a length 
of time double that required for the film to become clear. On the other hand, experi¬ 
ments by Bullock, by Lumi^re and Seyewetz, and later by Crabtree and Hartdd indi¬ 
cate that a film which is cleared of its opalescence is completely fixed. This state¬ 
ment applies, however, to fresh fixing solutions and not to partially exhausted baths. 
If the bath contains more than about 2 per cent, i.e., 20 g. per 1., of the silver halide 
which has been dissolved from fixed plates, all the removable silver salts are not 
removed from the plates. Prolonged immersion in a partially exhausted fixing bath 
will not dissolve the remaining salt, but the residual salt may be removed by trans¬ 
ferring the film to a fresh solution. If any doubt exists as to the degree of fixation of a 
plate, it is common practice to permit the material to remain in the fixing bath for a 
length of time equal to twice the clearing time. The use of two fixing baths in cascade 
is a much better solution to the problem, however. 

Reducing Action of Fixing Baths .—Prolonged immersion of the film in a fixing bat h 
has been found to reduce the density of the silver image. For many applications of 
photography, this is not important. In other applications, such as sensitornotry, 
photographic photometry, or processing of sound motion pictures, this may be a point 
of practical importance. The results of the reducing action of fixing baths have been 
studied by Russell and Crabtree,® and the following is summarized from their paper, 
which should be consulted for additional data, especially of a quantitative nature. 

The rate of reduction of the density of the silver image in a given fixing bath is 
found to be greater for fine-grain than for coarse-grain emulsions. The fixing bath 
havirig the lowest rate of reduction of density is given as formula, 16 in tlie compilation 
of fixing baths. The highest rates of reduction were obtained with fixing baths (‘.on- 
taining relatively high concentrations of sulphite and acid. 

Acidity was the factor which affected the rate of reduction to the greatcvst extent in 
ordinary fixing baths. Ammonium chloride, potassium bromide, and jjotassiutn iodide 
increased the rate of reduction. Ammonium sulphite, sodium cldoride, sodium sul¬ 
phate, glycerin, and sugar decreased the reduction rate. Oxygen and oxidizing agcmts 
such as peroxides have no apparent effect on the reduction rate in highly acid l)aths, 
but the presence of oxygen increases the rate of reduction in fixing l)atha containing 
low concentration of sulphite and acid. 

It was found that the rate of reduction wa.s jtlso increased by ttn incrc>a.s(' in t-cMupc'r- 
ature of the fixing hath. 

1 TO'iibles with Fixing Baths. Ihe troubles which may be reasonably ex[)t'(d(*d to 
occur from time to time when using fixing baths are tabidated for convenience and 
ready referencie u,se. 


Blisters. 


1. Distinguishing Characteristic .—Blisters form on the surfac^e of th(> pliotogra j)luc 
material, resembling blisters on the l)ody. On dry film, blisters appcair as craterlik(> 
depressions when examined by reflected light. 

2. Cawse.—Blisters are caused by the evolution of carbon dioxide gas wlam 
sodium carbonate of the developer is neutralized by the acid of the fixing lialh. 
Blisters are especially likely to occur if the gelatin is soft and is incapable of with- 


aS’oc. ]\dotion Picixirti 


VCrabtree, J. 1., and PI. A. PIartt, Some Properties of P'ixing Baths, Trans. 

Engrs., November, 1929, pp. 364-305. 

T J J- I- Crabtbbe, The Reducing Action of Fixing Bathw on the Silver Imuikc 

J. Soc. Motxon Picture Engrs., 25, (No. 3), 371-397 (1932). 
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standing the disruptive action of the evolved gas. Blisters are also likely to occur (a) 
if the fixing bath contains an excess of acid and the films are not rinsed thoroughly, 
(6) if a strongly acid rinse bath is used, or (c) especially during hot weather. 

According to Crabtree and Hartt, the tendency of the fixing bath to produce 
blisters is governed by (a) the quantity of sulphite and carbonate contained in the 
film when immersed in the fixing bath, (6) the rate of agitation of the film when 
immersed in the fixing bath, (c) the nature and thickness of the gelatin film, (d) the 
duration of the rinse or wash used between development and fixing, (e) the degree 
of swelling of the gelatin when first placed in the fixing bath, and (/) the aciditv of the 
fixing bath. 

3. Prevention. —Rinsing the film in plain water after development but prior to 
fixing will remove developer alkali and reduce the amount of carbon dioxide formed. 
The films may then be hardened, if necessary, before fixing. The fixing bath should 
not contain an excess of acid. Strongly acid rinse baths should be avoided. Fixing 
should be carried out, if possible, at temperatures not exceeding 70°F., and the film 
should be agitated while immersed in the fixing bath. 

4. Remedy. —None. 

Dichroic Fog. 

1. Distinguishing Characteristic. —Yellowish-pink stain when film is viewed by 
reflected light. 

2. Cause. —Dichroic fog may be causc^d (a) by old or exhausted fixing bath con¬ 
taining an excess of dissolved silver salt or (6) by a fixing bath which does not contain 
acid. 

3. Prevention. —Dichroic fog does not occur in fresh fixing baths. Replace fixing 
bath with a fresh solution, and use a fixing bath containing acid. Rinse film in water 
between development and fixing. Keep the fixing bath between 65 and 70°F. 

4. Remedy. —See Chap. XVII, D(4ects in Negative's and Prirds, page 518. 

Failure to Harden. 

1. Distinguishing (Characteristic. —I'^ilrn is soft ratlnu' than solidly hard. 

2. Cause. —Insviflicient hardening may be tlui rcisult (a) of insuffic.ient or impure 
alum, or impure alum whi(di do(^s not contain tlie corrtHd, jjroportion of aluminum 
sulp)ha.te!; (5) of tlu; faxd. that the bath is alkaline or mnitral rather than acid; or (c) 
of the prescuuu^ of too imudi acid or sulphate:. 

3. I^reveniion.- .-l)c:pending upon tlui causes, j>revention itiay be (a) use of suffi¬ 

cient ainoujit of alum containing the proper proportion of aluminum sulphate. The 
hardening action of t lu' alum is due to the aluminum sulphate. Simie some grades of 
alum do not contain tlu^ proper proi)ortion of aluminum sulphate, a larger portion of 
ahun must Ix' used with t he deficient grades in order to prepare a bath of the sidequate 
sulphates comuintrat ion. The liardening increases as the quantity t)f idum is increased. 
{b) The harchuiing l)at h should always bc^ maintained acid, but excuiss of acid shoidd be 
avoi(l(Ml. l'\)r a. givcm aanount. of alum, tli<^ harthuung incnuist's as tlu^ (piaidity of 
aceti<! acid is increased until a. rriaximuni is rea<thed, after which increasing the acetic 
acid (Content decr(ai,s('s t he d('gr('(' ol harthuung. In order to prodiu-e a fixing bath of 
long life before aluminum svdi)hite pnaupitates. a. c(u-ta.in minimum (piantity of acetic 
acid must be added to t he fixing solution. However, the amount of acid required for 
this purpo.se is usually grt'attvr t.han t.hat retjuirt'd to pnxlucc maximum hardening, 
(c) R(h 1 uc (5 tlui amount of a.cid or sulphatt*, or inc,^ul,s(^ the amount of alum relative to 
other ingredituits if th(‘ failures of the bath to harden the film is attributed to (uvuse (c) 
above. 
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4. Remedy. —The film may be hardened by immersing it in a hardening solution 
containing potassium alum, chrome alum, or formalin. 

Milkiness or Sludging. 

1.4. Distinguishing Characteristic. —^Formation of milky precipitate which is pale 
yellow and settles very slowly when the bath is standing, or yellow deposit of sulphur 
precipitated on the gelatin which may later cause fading of the image. 

2A. Cause. —Such milkiness may be caused by (o) excess of acid in the hardener; 
(6) too little sulphite, or sulphite of impure quality when compounding the bath solu¬ 
tion. Some loss of sulphite occurs through oxidation, especially if the fixing bath is 
stored in open tanks, but this loss can be'prevented or minimized by covering the tank 
or by placing a floating cover on the solution, (c) High temperature of the fixing bath. 

ZA. Prevention. —Depending upon the cause enumerated above, milkiness may be 
prevented by (a) using less acid in the fixing bath; (6) use of the proper amount of 
sulphite, or sulphite of pure quality; or (c) keeping the fixing solutions, whenever 
possible, between 65 and 70°F. 

4A. Remedy. —None, exc.ept to prepare a fresh fixing bath, 

\B. Distinguishing Characteristic. —White precipitate which disappears on stand¬ 
ing for several hours. A white gelatinous sludge of aluminum sulphate may also 
settle out. 

2B. Cause. —This milky sludge may be caused by (a) too little acfid in the lumUitier, 
(6) too little hardener in the fixing bath, or (c) exhausted fixing hath containing alum 
and sulphite but no acid. 

ZB. Prevention. —According to the cause enumerated ahovt*, milkiiu^ss may l)e 
prevented by the following methods; (a) The use of the correct amount of acid in 
compounding the fixing solution. Care should be taken, not only to obstuve that the 
proper amounts of acid are used, but to use either glacial or 28 per cent ac(d ic acid, as 
called for in the formula. If 28 per cent acetic acid is used inshnid of tlui same amount 
of glacial acetic acid, the solution will contain less than one-third of tlui required 
amount of acid. (6) More hardent^r solution should be added to the fixing bath, 
(c) Acid may be added to the l)ath frt)in time to time to prcnnmt sludging. 

AB. Remedy. —It is usually best to make up a fresh fixing bath. 

IC. Distinguishing Characteristic. —Greenish gelatinous pre<vipita.te HonudiJiu's 
forming upon the film. 

2C. Cause. —The sludge consists of chromium hydroxide and is caused by an 
excess of devcfioper in the fixing solu(ion. 

3C. Prevention. —Milkiness due to this cause may l)e i)r(WtMit(al by rinsing tlu^ 
film in water before fixing, by the use of an acid stop bath Ix'fon^ fixing, or by tin* 
revival of the l>ath with the addition of acid. Fretpiently tlu' formation of t he gre(ni 
sludge may be prtivented from forming on the film by agitiiting thc‘ film t horouglily 
when it is first immersed in the fixing bath. 

46’. Remedy. —If the sludge is discovered whih^ the film is .still wet, it may fre- 
(.piently be removed by swabbing with soft cotton. 

Scum. 

lA. Distinguishing Characteristic. —Metallic a{)i)ea.ring scum dc^|)OKi(. on t he surfaxai 
of the fixing bath. 

2A. Cause. —Tlu'. scum consists of silv(u sulphide fornuvl by thc: rtaudion of Hilv<'r 
thiosulphate in the partially exhausted or infrequently used fixing solution, with the 
hydrogen .sulphide gas pre.sent in the air. 

3A. Prevention. —Protect the unused fixing baths from (H)ntac( with the air by 
Hi cans of a cover on the container. 
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4^. Remedy. —The scum may be removed from the surface of the bath by drawing 
the edge of blotting paper or a piece of cheese cloth over the surface of the bath. 

\B. Distinguishing Characteristic. —Greenish white scum, often precipitated on the 
surface of the film when chrome alum fixing baths are employed. 

2B. Cav^e .—^The scum consists of basic chromium sulphite or chromium hydroxide. 

3i?. Prevention .—To remove chromium scum, films which have been treated with 
a chrome alum fixing or hardening bath should be wiped or squeegeed carefully between 
the washing and drying operations. If this scum is not completely removed, the scum 
which remains will leave a stain on the negative and, after the film has dried, the scum 
will be difficult to remove. The scum may be removed from the wet film by swabbing 
the negative with moist absorbent cotton. Formation of the scum may often be 
prevented by (a) agitating the film thoroughly when first immersing it in the stop bath 
and (6) Using a developer containing as little alkali as possible and by reviving the 
fixing l»ath at intervals with acid. 

4iK. Remedy. —None. 

Sludging. —(See Milkiness.) 

Stains. 

lA. Distinguishing Characteristic .—Green stain (when using chrome alum baths) 
imparting to the gelatin an appearance as if colored by green dye. 

2A. ’Cause .—According to Crabtree and Russell, the intensity of the stain is 
infiuen(!ed by the relative proportions of carbonate and sulphite in the developer. An 
(excess of carbonate increases the intensity of the stain, whereas an excess of sulphite 
decreases the stain intensity. The intensity of the stain is also materially increased 
at high temperatures (80 to 90°F.) 

3A. Prevention .—lucix^asing the carbonate content of the hardening bath will 
reduce or eliminate the stain. 

4A. Remedy .—liy treating the film with a 5 per cent solution of sodium citrate 
or a 50 ptw tumt sohition of potassium hydroxide, the stain can usually be removed. 
This treatment destroys the hardening of the g<'latin, however. Provided the stain 
is uniform ov(^r the entire film, a stain is not ordinarily objectionable from the photo¬ 
graphic standpoint. If the stain is not uniform, prints will show the presence of the 
stain. * 

1/i. Distinguishing Characteristic .—Yellowish-white opalescent stain on film. 

2B. Cause. —This stain is (uiused by the prcaupitation of sulphur on the gelatin. 
It may Ix^ <lu(^ to (a) tli<i use of a,n improperly compounded fixing loath which contains 
too litth^ sulphites or a r(dativ(‘ (^xiiess of acid or (b) a fixing bath which is too warm. 
When eitlu^r of tlu^se conditions are encounteretl, colloidal or finely divided sulphur 
may be formed, whicdi (l<‘i)osi(.s on the g(4atin. 

3R. Prevention.- .Aci'ordirig to tlai c,a.use listtal uhovu, the stain may be prevented 

by (a) properly compoiinding the fixing bath or (6) by maintaining the solution at 
temptu’alun^s IxU.wcmmi (15 ntul 70°!'’. 

4/i. Remedy. -VhoHO. stains may be removcxl by first hardening the film in an 
alkaline solution of formalin, after whic.h tlu; film is batiKid in a 10 per cent solution 
of Ho.limn sulidiite at a tcmpx'rature of al)out 100 to 120°F. These stains cannot be 
removed by wat<‘r or acid baths. 

\C. Distingui.'ihi'fig (Characteristic. —-White powdery stains of aluminum sulphite. 

2C. CaM«c.--Owing to insufficient acidity of the fixing bath. This may occur as 
a result of in(a)rrect (M»mi)ounding or partial (‘xhaustion of the bath. 

1 Kor (.Uxa- staiiiH, hoo K. K. Hli.n.pard and A. Ballard, Chernistry of the Acid Fixing and Hardenins 
J, Franklin 200, 5:^7 (1925), 
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3C. Prevention. —The following steps are recommended to prolong the life of the 
fixing bath and prevent formation of aluminum sulphite, (a) Developers containing 
an excess of alkali should be avoided. (6) Rinse the film between the developing and 
fixing, to remove as much developer as possible. The rinse may be made using clear 
water or an acid stop bath. Stop baths should be used with discretion, however, as an 
excess of acid may be carried over to the fixing bath, thereby ca,using sulphurization 
of the latter. 

4C. Remedy. —The stains of aluminum sulphite may be removed by hardening the 
film in an alkaline solution of formalin, after which the film is bathed for a few minutes 
in a 5 per cent solution of sodium carbonate. The film should finally be thoroughly 
washed. 

ID. Distinguishing Characteristic. —Fairly opaque stains on the film, having a 
dirty yellow color. 

2D. Cause. —Such stains are produced when silver compounds are left in the 
film as a result of incomplete fixation. They may be due to (a) Insufficient agitation 
when immersing the fihti initially in the fixing bath. In such cases the developing 
solution, coming into contact with the film, reduces the silver halide (dissolved out 
by the sodium thiosxilphate) back again to yellow metallic silver. (b) Use of old or 
exhaxisted fixing solution containing excess silver in solution. Some of this silver salt 
remains on the film if it is not thoroughly washed. Originally this compound is 
colorless, but upon exposure to the air a yellow stain residfcs from the formation of 
silver sulphide. 

3D. Prevention. —(a) Agitating the film when it is first immersed in tlie fi.xing bath 
will aid in preventing stains. In this case, the tendency to form a stain is grc^alt'st 
when strongly alkaline developing solutions are used and wIkui the fi-xing baths art' 
neutral or alkaline instead of l:)eing acid. Consequently the fixing baths sliould be acid 
and a developer having low alkaline content shoidd boused, or the film should be rinsed 
in water between development and fixing. (6) Use only a fr(\sh a.(dd fixing solid,ion. 

4D. Remedy. —The following methods are frequently helpful in reinovdng silvin- 
stains: 

a. Wash the film thoroughly to remove any traces of sodium thiosulplia tc';, and tlu'ii 
bathe in a 1 per cimt solution of potassium cyanide. {Caution. Cya,ni<l(i is a deadly 
poisi^n. In solution witli waiter, eyanidti produces deadly fumes of hydrocyanii^ acid. 
( !onseqnently, this material must be carefully handled in well-ventila tisl rooms.) The 
cyanide will dissolve away the silver thiosulphate a,nil some of the silver sidphidi'. 
( ■yariide is also a solvent for mi^tallic silviu-. Therefore, as soon a,s a,ny signs of reduc,- 
( Lon of the silviu'image aiipear, thi' film should lie removed from the (\vanide bath and 
washiul thoroughly in clear w'ater. 

b. Treatment with a w(!a,k solid,ion of permarigamiti^ acid, followial liy a (.borough 
wa,Hh in clear water and thim immersing the film in cyanide will often bo usid'ul in 
removing stains from old ni^ga,lives. 

c. In those (%*is<\s in which the silver stain cannot lie lamipletely rmnov'ed, it ma,y be 
possible to make a uiwv nc:ga,tive, free from stains, by copying (,he negativi^ or priid. 
through a ycfilow filter, suidi as the Wratf.im G filter. 

Water Supply.—Water is so frequinitly used in photographic processing that it is 
advisable to pay considiu’alile a,ttc:ntion io the puril.y ami a.d(M]ua<‘y of the supply. 
For photogra,phic. purposi^s wativr may ]>e msed as a constituent of most proci'ssing 
solutions, or it may lx; used rniu-idy a.s a solvent or wash. In either laise imiiurilies 
in the water may result in imparting undosira.ble characteristics to the; processing solm 
lions, to the formation of deposits on the photographic mat<*rials, or to olhiu' undesir¬ 
able effeets. As a general rule water w'hich is suitable for human cionsumption will 
also be satisfactory for photographic purjiosiis. The filtiwed water olitainial from 
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public sources of supply may contain colloidal matter and dissolved salts which are not 
removed by filtration, and certain municipalities intentionally add chlorine or other 
substances as public health protective measures. These constituents of water may or 
may not be objectionable from the photographic standpoint, although they are not 
desirable. 

Wherever possible, and certainly when any doubt exists concerning the suitability 
of the water supply for photographic purposes, photographic solutions and especially 
developing solutions should be prepared with distilled water. If this is impracticable, 
the solutions can be prepared with water which has been boiled. 

Solutions are usually made by adding chemicals to a quantity of water called for 
by the formula. In some cases, however, water is added to a solution to obtain a 
given concentration or volume of solution, and in this case the final volume should 
be that called for in the fornuila. 

Chemical analysis of the water supply may be useful in determining the amount 
of oxalate or lime which is to be added to coagulate slimes, to remove dissolved cahuum 
salts, or in determining which of several water supplies is most likely to bo free froitj 
dissolved or colloidal material. The greater the quantity of undesired producits found 
in the water supply, the greater may be the difficulty expected from drying marks, and 
the less certain one can be of the purity of compounded solutions. Water stipplies 
containing ii-on, metallic sulphides, or hydrogen sulphide should be avoided. But 
chemical analysis does not usually reveal much information as to the suitability of a 
water supply for photographic purposes, and trial tests with sample solutions and 
actual photograj)hic materials are the only reliable means of determining the suit¬ 
ability of a certain water supply for photographic purposes. Two solutions should 
be prepared, one with distilltKl water and one with the water supply under considera¬ 
tion. Samples of the film are then processed in the two solutions, tlu^ om^ nuidt^ with 
distilled water lu'ing usc'd as a control. Comparisons of the processed films wall then 
show what, if any, und<^siral)le ('ffects may be exi)ected from the wa.ter supply utuler 
consideration. Another simple test which indicatevs the extent of the troul>l(': which 
might be anticipatcal dvui to residual scum may be. made by permitt ing a, larger drop of 
water to dry on a, film; water snitabU^ for ])hotogra.phi(r use should lea.vc^ no scum or 
stain. 

Water exists in various staters of impurity, a.n(l while any source of \va.ti(‘r Jnay l>e 
I)urifu'd, purification is a. tinioeonsuming and <^xpeiisiv(‘ procu^ss wfiieh may not, fxi 
e.eononiically jiist ifii'd if tlu' original source'; is ren,sona.l)ly sa,tisf!i.etory for i>hotogra,phic*. 
purpose's. Pre)viele'el (lie' dis(illa,(iein is e-arrie'e! out pre>perly a,ml wi(,h ele'an a,i)pn.rat,us, 
elistilh'el water is thei jiureist feirm eif water siq)[)ly. Next, in eireU'r of purity, may be"! 
mentienu'el: (a) rain wa.(e'r e'eilleMete'el tin a. cleiau surra.e‘e' arid sfeire’^el in clean evemfaitmrs, 
(6) nu'lt.eel snow a,ml hail, (e:) spring a.ne.1 we'll wa.(er, (d) wate'r fre>m lleiwing rive'rs, 
streams, and hreieiks, a.ml (c) se'a. wat.eir. 

'rhe inqnirilie'S whiedi may be present in the various kinds eif wa.(,er arei elisseilveel 
salts, suedi as bie'arbomile's, e'hleirieleis, a,ml sulpha,(e's eif eialeium, magnesium, anel 
peitassium. If irein is pre'se'tit tei any e‘e)nsiele'ra.l)lee ele;gre'ei, (,hc' waf er slioulel not, lie; use'el 
feir photeigraiihie-, purjieise's. Thee \va,tc'r ma,y also eunvta.in seiliel impuriliess, such as 
sill,, anel, while the'sei arei mil usually sei injurieais as irein or va,rie>us salts, l lu'y may bei 
re'iidily filtnreel out. Huspe'iiele'el ma,( ( eir, sue'.h a.s iron rust, elirt, eir silt, sheiulel be'; reimeiveel 
by filt ratiein, a,s eil he'rwise' ( heise- pa,rt,ie-le's ma.y se't,(,le' anel e-juise' sjieits e)n ne'ga,f ive's or 
prinf.s proeiesse'el in seilul ieins inaele' wit h sue'li v\'a,f,er. Thei wn.f eir may a.lso e^onta.in eila,y, 
slime, eir eeilleiielal animal eir ve'ge'f alile' imitf en* whie'h is mit rennove'e! by filtrat iein. If 
such water is useel in (he'; pre'parnf.iein eif ])hei(.eigra]ihie' solutieiiis, tlu' unelesireiel jiartie-le's 
may gradually eieiaguhilei anel se'ttle as a, sluelge*. DissolvexI ga,ses are sonu'times 
eneeiuntered in wateir supplie's. Ilydreigem sulfihiele is olijetitionabU; in that it eta,uses 
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chemical fog, but it may be removed by boiling the water. Sea water contains about 
3.5 per cent of soluble salts, mostly halides, which retard action of photographic solu¬ 
tion. Consequently sea water should be avoided. 

Effect of Impurities in Develop^nent .—If a developing solution is compounded with 
water containing calcium salts, a white precipitate of calcium sulphite may form on 
standing. If the developer contains sodium bisulphide or potassium metabisulphite, 
fine, ncedlelike calcium sulphite crystals may be precipitated as a sludge. In either 
case this sludge is harmless if it is permitted to settle, after which the clear solution 
may be decanted from the sludge. The developer is, nevertheless robbed of the sul¬ 
phite to the extent of the sludge which has formed, but the effect is negligible except 
in the case of developers of low alkalinity. Borax developers are sensitive to small 
changes in alkalinity, however, so that it may be necessary to make allowance for the 
reduction of sulphite when such developers are prepared with calcium salts. If tlu; 
developer is agitated, the sludge may become precipitated on the photographic 
material. 


Sodium or potassium sulphide in the water used for preparing developing solutions 
will produce objectionable chemical fog, even though only very small quantities of 
sulphides are present. Removal of sulphides may be accomplished by treating the 
water with lead acetate to produce insoluble lead sulphide. Copper sulphate is 
sometimes added to water supplies for the purpose of killing vegetable and bacteri¬ 
ological matter. The amount of copper sulphate added is not usually sufficient to b<^ 
harmful, although it may cause aerial fog. 

The presence of chlorides or bromides in the water supply used in compounding 
developers exerts a restraining action on the developer which may, however, Ix' com¬ 
pensated by properly adjusting the amounts of the other ingredients. Ihiless present 
in excess, magnesium salts will not be precipitated. Other salts havxi little or no 
effect upon the action of the developer. 

The presence of sulphur in water from which developers are made will produce 
fog, as a result of the formation of sodium sulphide from the interaction of the sulphur 
with the carbonate of the developer. By boiling the water, the sulphur can usually 
be made to coagulate, after which it may be removed by filtration. 

Animal matter in the water from which developers are compounded usually 
precipitates when the developer is mixed. Certain types of bacteria form growtlis 
which act on the sulphite to form sodium sulphite which fogs photogra,{)luc ma.t(u-ia.ls. 

Effect of Impurities in Fixation .—-Calcium and magnesium sulphite ar(' solubh' in 
acetic acid and therefore are not precipitated in the fixing bath. Otluu- dissolvtul 
salts, such as bicarbonatc’is, chloride.s, and sulphates, are harmless. Susixunhal mattcu- 
in the form of dirt, iron rust, and certain types of vegetable and animal ma tt,er usually 
coagulates and settles out in the fixing bath if allowed to stand. While most sus¬ 
pended substances have pracdically no effect on the photographic. proper(i('K of <he 
fixing baths, the particles may settle on the film, retarding fixing a(d.ion hx'ally, and 
causing spots and stains. Extracts from vegetable matter or dissoKu'd ga.st's do not 
affect the photogra,phic properties of a fixing ba,th but may ca.use l)list(u-s or stains. 

Effect of Impurities on lEa.s7/.mj7.>—Dissolved sa,lt.s of magnesium, calcium, or 
potassium in the water used for washing often (aiuse trouble l)y crystallizing on (,h(^ 
film in drying and, while not always visible, may dcffract from the transparency of th<! 
image. Water which is free of dissolved salts will also cauise markings on t,h(i film if 
it is allowed to remain in droplets on either side of the film during drying. It is 
important, therefore, to remove all excess water from the film liefore drying. 

Suspended mineral, vegetable, and animal matter generally leaves a scum on the 
film unless the gelatin surface is wiped previous to drying. If the water used for tlu^ 


1''riiis BecUori takeii from “IVJotiou Picture I.,^aborataiy 


EuBtinan Ko(iuk ("o. 



FIXING, WASHING, AND DRYING 


399 


washing is run into a large settling tank or if it is properly filtered before use, most of 
the suspended matter will be removed. 

Dissolved gases will sometimes produce blisters if the water is warm, or if the film 
is not sufficiently hardened in the fixing bath. When present in sufficient quantity, 
dissolved extracts sometimes produce stains which are very difficult to remove. 

So far as is known, small traces of impurities which may be left in the gelatin 
coating of motion-picd.ure negatives or positive film are not liable to impair the prop¬ 
erties of the film seriously over a period of 4 or 5 years. However, as an added pre¬ 
caution, valuable film should be washed finally in distilled water. 

Water Furijication .—Water may be brought to various states of purification by: 
(1) distillation, (2) l)oiling, (3) filtration, and (4) chemical treatment. Distillation 
protUuiCH the purest water, but stills of adequate capacity are expensive, especially 
wher(^ large cpiantities of water are required, and the distilling process is slow. When- 
(‘ver it. (am be naxdily obtained, it is advisable to use distilled water for the mixing of 
photographic, solutions. It is not necessary that films be washed throughout the 
(aitirety of the washing process in distilled water, however. Removal of soluble 
materials may be accomplished by washing the films in ordinary tap water, as a 
general rule. For those cases in which complete washing with pure water is necessary, 
these preliminary washes may be followed with one or two baths using distilled water. 

l^lxceirt, in tliose cases in which the water contains an excess quantity of dissolved 
salts, suflicnent purification can usually be obtained by boiling the water and permitting 
this to stand while cooling. The boiling process coagulates most of the colloidal 


vegcd.abhi and animal matter, changes certain lime salts into an insoluble condition 
in wlii(di they settle out, and drives out dissolved gases which may be present, such 
as hydrogem sulphides, air, et,(;. Dissolved substances are, of course, not removed in 
( his proc('ss. After tlu; water has settled, it may be filtered through paper filters or 
fine-mesh (doth. A mor<! ra.pid method of separating the settled particles from the 
sup(u-natant li(iui(l is to decant or siphon off the latter. 

Filt.ration of the wa.t('r supply may be used to remove suspended or undissolved 
pnrtich's, but the dissolved ga.ses and colloidal matter cannot be removed by this 
])r(>ceHK, unless t he water has been boiled or otherwise treated to drive off dissolved 
ga.s a.nd coaguhUx^ c.olloidal pa.rti(dos. Where only very small quantities of water are 
r(apiir(‘(l, tlu^ ordinary pai)er filter or fine-mesh cloth fitted into a funnel may be 
(unploy(‘(l. Wlu're larg(u- (pnintities of water are required, a barrel filled with sand, 
(dia,rcoa,l, or ol.luu- filt(u-ing a.gent.s may be us(hI. Many types of filters are available 
comnKU’cially. 

If la.rg(' (iuantili((s of wa,t(U' arc; required, chemical treatment is the most practical 
iiud.hod of wai.er purification. Coagulation of slime, which carries down suspended 
particles, may b(( (dhatbal by adding potassium alum in the proportions of 0.25 g. per 1., 
or 15 gr. j)(>r gal. 'Fhis nu'thod chau's the solution quickly but does not remove dis¬ 
solved salts. Thc! addition of ( his small ciuantity ol alum has been found to produce no 
harmful ('ffeets wh(>n such c.hemically tia^aWd water is used in the preparation of 
(l('V(dot)ing or fixing baths. 

Solut.ions of sodium ().xa,la,te, sodium phosphate, or sodium sulphite may be used to 
c()a,gulal.(^ slime and pree.ipitat.(i calcium and magiuisium salts, ihese solutions are 
a.dd(Ml (o th(! wal.(U- sui)ply until no furtluu- precipitate is formed. This method does 
not remoV(^ dissolved salts. 

Washing. Furpose of Washing.—Thet purpose of washing is to remove froin the 
n(^gativ(ss or prinf.s all or a part of the soluble chemicals or solutions which adhere 
fo I,hem in {irocessing. Although in most cas(is negatives or prints are washed to 
remov(( from t.hem th(^ cluanicals of the fixing bath, this is not always the case. Soine- 
fiineiH, for insta.n(‘e, f.he photosensitive materials are washed after development but 
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prior to fixing. The general principles of washing are the same, however, no matter 
in which stage of processing washing takes place. 

General Remarks on Washing .—The washing process is simply one of diluting or 
dissolving the material and carrying away the diluted products with the disposal of 
the wash water. No chemical action takes place during washing, or, at least, those 
chemical actions which may take place are accidental and undesired. 

So far as concerns the removal of the product to be eliminated, the washing of 
photographic materials is largely independent of the temperature of the wash water. 
Most substances are more soluble in hot than in cold water, so, that it might be 
expected that they would diffuse from the gelatin more rapidly in warm than in cold 
water. Any attempt to wash photographic materials more thoroughly or more 
quickly by elevating the temperature of the water is counteracted by the swelling of 
the gelatin at the increased temperature. This swelling tends to inhibit diffusion. 
Both of these counteracting effects occur at about the same rate with a rise in tempera¬ 
ture, so that the rate of washing is largely independent of the temperature, at least 
within the range of temperatures usually employed for photographic work. At 
elevated temperatures the gelatin may become soft, and reticulation may take place. 
For this reason it is advisable that the temperature of the wash water be kept suffi¬ 
ciently low as not to soften the gelatin. Temperatures of 60 to 70°F. are usually 
satisfactory. 

Hardening of the gelatin has little effect on the rate at which photosensitive mate¬ 
rials may be washed, unless the material has been dried between the time of hardening 
and that of washing. If the gelatin has been hardened and dried before washing, it 
will not expand much when subsequently soaked in water, so that diffusion througli 
it will be difficult. Before the gelatin has dried, hardening does not affect the diffusion 
through the gelatin. 

The completeness of washing does depend upon the length of WM.shing lime and 
upon the agitation of the photographic materials in tlui wash water. It also depends 
upon the method of washing. As a first approximation, it may be state<l that in 
general the longer the photographic material is washed, the morc^ (!onipl(d,(dy an^ the 
adhering chemicals removed. Ihe remova.l ol cdieniicals progresses gcjometricallv’ 
rather than arithmetically; i.c., in a given time interval, a certain percentage (ra,tlu!r 
than a certain amount) of the remaining (diemicals are removed. By washing for a 
sufficiently long period of time, any desired degrc'e of removal may be a,ttained. Tho 
more actively the photographic materials an^ agitated in tlni wtish solution tlu‘ more 
quickly the chemicals are removcHi, as a g(‘ruu-al rule. 

The most fundamentai requirement in washing, however, is to provide' an adecpiate 
supply of wash water. This may be clone by immersing tlu' photogra.phi<^ matc'riids in 
running water, or by successively removing the photographic materials from one bath 
to a fresh bath. 

Mechanism of Washing .—Two nu'thods of washing aJ-e in extensive'; use; (1) the' 
continuous-flow method and (2) the multiple-l)ath nudhod. lioth nu'thods an' 
capable of yielding satisfactory atul thorough washing of the photographic ma,t<u'ial. 
but the physics of the essential operations is .slightly different in these two ceases. 
An understanding ot the mecduinlsni ot w;ishing is us('ful in obtaining thc^ most, com¬ 
plete washing for a given amount of water a.nd in a, given hmgth of time. 

In the continuou.s-flovv system, fre.sh clean water is made to flow st.ea.dily over (Ik^ 
negative or print. So long a.s fre.sh water is supplied, washing (continues indefinib'ly; 
the prints are more or less continuously agitated with respect to the water flow, and 
the operation is carried oxit automatically. All continuous-flow methods tmiy not Ixi 
equally effective, howev(U‘, and (;aro .shoidd be taken to sc^e that the method employed 
ill continuous-flow washing i.s such as to actually fulfill the requirements givmi above. 
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An excellent example of this method of washing is that in which a thin film of fresh 
water is made to flow continuously over both sides of a film hanging vertically. The 
water dripping from the film is discarded. A much less satisfactory example of the 
continuous-flow method is represented by a tank in which the inlet and outlet pipes 
are close to one anol luu’ a.nd at the same end of the tank. In this case it is possible for 
a lai’ge pfirt of tlie incoming fresh water to circulate immediately to the outlet drain 
without becoming effective in washing the film which I'emains in the central portion 
of the tank in nfiativcfiy stagnant wa.tor. A better system for tank washing is to have 
the inlet, at the bottom of one end of tlie tank, and the outlet at the top and opposite 
end of the tank. Any water whicdi is discharged from such a system must have 
passtul across t he tank and, in s<.) doing, washed the film. Moreover the tank is always 
filled with water so U)ng as any water dis(;harge takes place. 

In the multiphvbat h method, the negatives or prints are placed in a tank or tray 
with a fix(id amount of water which is usually not changed so long as the photosensitive 
materials remain in them. During the time the photosensitive materials remain in 
a,ny giv('n tajik or tray, tlie negatives should be thoroughly agitated; after a lapse of 
some tinu', the negatives are removed to another tank of fresh water. In so doing, 
they will carry over into the fresh bath some of the solution from the bath from which 
they were removi'd. While it is una.voidal)le that some of the solution be carried over, 
much more thorougli and rapid washing can be effected if as much of the solution as 
possiVih' is removed from the film before immersing into the succeeding wash. The 
tra.naferring of the prints from out' tank of water to another containing fresh water is 
continued until tlu' prints are t horoughly washed. Usually six washes of about 5 min. 
eaidi an' sutlicient to produce satisfactory washing. 

('(rnfinuoiis W’ashinfj. —Mx|)('riments indicaite that with thorough a.gitation of the 
photographic inati'rial in tlu* wash water, the sodium thiosulphate diffuses exponen¬ 
tially, so that in e<iual time int.i'rvals, eiiual percentages of hyjx) arc removed. With 
a.n (‘.xpruH'nt ial law n'lnv'Siait ing t he diffusion in the wasliing proc.ess it is theoretically 
impossible to nupovi* all the undesin'd product. Practicuilly, however, we may 
ri'inove as much of the hypo as we desire liy washing for a sufficiently long period of 
tiiiK'. 

To deri\’(> a. ((uaiit.it a.t i\'(' ex|)r(‘ssion for this nu'l.hod of wasliing, let M n be the 
amount of matm-ial, hypo, originally presimton the film, and let Al be the amount 
waslual out in linn' /. (The values of /!/„ and M may be exiiressi'd a.s initial and final 
conci'iit ralions of the solution or as initial a.nd final masses of material.) ''Phen the net 
clniiige in tin' amount of niati'rial on the film, dM, during a given time interval dl 
will be 

,/,1/ - M }di (8) 


vdier<‘ k is a iiroiiortionality factor (soineliiiu's calh'd tin* lauistant of (diuiina,tioii) 
which di'pi'iids upon I li(' degree of agitat ion and th(> lyp<^ of ('tnulsion and usually 
varii's bi't ween 0.1 and 0. Ih for tn^gatives, according to Warwick. It can be shown 
that, t h(' solution of this eipiation is 
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from which the time reiiuiri'd to obtain a,ny di^sireil degret' of wa,slung Inc.oines 
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In this (Mjuat.ion, Ah, indi(*al.('s I In* inil.ia.l amount, (or (‘<)ncenl.ia.t.ion) and (A/o 
iiidic.a.tixs the final amount, or (‘oni'entration ol the. ma.t('rial which leniaius. 
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To illustrate the use of this equation, suppose we wish to reduce the amount' 
of hypo to 1/50,000 of its initial value before stopping washing. Then {M n — M) is 
i/50,000 of Mo, so that {Mo)/{Mo — M) = 50,000. If we choose k == 0.1, then the 
time, in minutes, required for washing will be 

t = 23.0259 X 4.6990 = 108 min. ( H ) 


Similarly, if a given negative has 1 g. of hypo on it initially, and we wish to cjirry out 
washing until the amount of hypo finally remaining is 0.0001, then 

t = 23.0259 logic (o^^) = 23.0259 logic 10,000 = 23.0259 X 4 = 92 min. (12) 


It should be realized that the results given by these equations depernl upon th<) 
assumptions that the rate of diffusion is an exponential function of time and tlnit. tfuj 
photosensitive material is thoroughly agitated in the continuously flowing wasli wa,t <M’. 
The fi.rst assumption is generally well fulfilled in practice, so that the degrtse to whic.h 
the above expressions represent actual conditions depends upon the degree to which the 
second assumption (which is under the control of the photographer) is fulfilled. For 
practical applications it may be said that the above equations rcprescmt favorjibhi 
limiting conditions and that in any practical case the wash time may l)e imux^asetl 
advantageously over that given in the above equations. 

Multi'ple-hath Washing .—In the multiple-bath system of washing, the removal of 
sodium thiosulphate (or other solute) is a slightly more complicated process. In a.ny 
given wash, the amount of solute is removed continuously with agitation of tlu^ nega¬ 
tive in the wash water until the final limiting value is reached. This limiting value is 
that for which the amount of solute in the wash water is in ecpiilibrium with that 
remaining in the negative, i.e., the concentration of solute in the negative is ecpuil to 
the concentration of the wash water. The negative is then removed to anotlnu* ba.th 
where the amount of solute removed progresses continuously until anot her ecjuilibrium 
of lesser concentration is reached. Except for the instant when the film is initially 
introduced into a fresh wash bath, it is always immersed in a bath which is eoutanii- 
nated with hypo which this bath has removed from the film. Beca.use t.lie film is 
immersed in water containing hypo, only that amount of solute (hypo in this (“an 

be removed which will bring to equilibrium the solute in the gelatin with t hat of t,h(^ 
wash water. There is no possibility of removing more solute from the: film aft('r I h(^ 
equilibrium condition has been reached no matter how long the mat.erial is waslu'd 
beyond this point. For each bath, therefore, a time is reached beyond which t lu^ bath 
is no longer effective in the removal of solute, and further washing ca,n attained 
only by removal of the film to a fresh bath. 

Following the method of the previous section, equations may Ix^ (hweioixxl for th<^ 
effect of each of a number of baths, as well as the over-all or net effect of several ba,th.s. 
The essential feature in multiple-bath washing is the number of ba.(.hs nxpiiriMl l.o 
reduce the original concentration of the solute to some definite; a,nd small fraction of 
its original value. This case has been treated by Warwick.' If n is the numlxu- of 
wash baths, all of which are similar, 1/A is the fraction of tlu; solute left after n wash- 
ings, V is the volume of the wash watei’ in eiieh ba.th, jind v is tlie volunu; of soluthui 
on the surface of the film and carried over in(.o one hath as a. contaminat ion from tin; 
preco'ding bath, then the number of baths n;quired is givcm by 
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* Warwick, A. W., Scientific Washing of Negativo.s and PrintH, Am. Phot., 
(1917). 
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where m is a constant depending upon the type of material being washed. For plates 
and films washed in tanks, m = 1, whereas when washing is done in shallow trays, 
m = 1.25. For washing prints in trays, m = 2. Equation (13) gives the number 
of baths required (for specified values of A and V/v), under the assumption that the 
film is washed thoroughly in each bath. 

Washing with Limited Water Supply. —It sometimes happens that the amount of 
water available for washing is limited so that the question arises as to the most effec¬ 
tive use of the available supply. Under such restrictions it can be shown that the best 
utilization of a given water supply is that in which the total amount of water is divided 
into as many separate baths as possible so long as the amount of water in each bath is 
sufficient to cover the entire negative or print. Between wash baths the surface 
water from the negatives should be removed. The removal of the surface water is very 
effective in obtaining completeness of washing but is a point which is frequently 
neglected. 

The conditions outlined above for the optimum use of a limited water supply are 
such that the reduction of hypo concentration per individual bath is not likely to be 
very high. Consequently a large number of baths is desirable. We may summarize 
the conditions for optimum use of a limited wash-water supply as follows: (1) wash 
the negatives or prints in the minimum amount of water in each bath which will com¬ 
pletely cover all the surface area, (2) remove the surface water between baths by 
sponging the photographic material with a viscose sponge or lintless cloth, and (3) 
wash in as many l)aths as possible since each bath does not produce very much reduc¬ 
tion in hypo concentration. 

Importance of Adequate Water Supply.—Jn any wa,sh ba,th, the most fundamental 
rule is to use plenty of water. For multiple-bath washing this general statement may 
be modifi(>d sliglitly, as in this c.asci it is more importa,nt that the ratio of the volume 
of water in the bath he. large comparted to the volume of watcu- carried ov(u- from one 
bath to a.nother l)y the film. Plenty of water is one answer to this situation; a better 
answer, especvially when thet water supply is limited, is to make the ratio V/v as largo 
a.s possibh;. A very elf (active way of incrcaising V/v is to rcunovo as much of the surface 
water as possibh^ l)ch.w(Hm wa,sh ba.ths. 

Washing Several Negatives in the Same Hath. —d'o sa.V(‘ tinu^ in wa,sl>ing, it is common 
pra,ctice to plac(^ s(‘V('ral tu^gativcss or prints in the sa.me wash baths a.t the sa,me time. 
Ho long as <‘ach shia^t of ma terial is always kept separat.ed from all others, th(' general 
principh's outliiuMl for mulliple wash baths hold. 

On th(! other hand, if tlu' slieets of pltotographic ma.t(wia.l are not agitated and 
esp(uaa.lly if they pcumiitted to pil(^ upon om^ aiiotlior so that one sheet protects 
anot her from Ixang waslual by fr(^sh watm-, hyix) will not be effec.tivc'.ly removc^d from 
Lh(^ prote(‘t('d ar(^as. ’^Pherelorc' siudi washing may not rcmiove a.ny appreciable pei- 
(•enl.age of hypo from tlu^ protc'ct.ed areas. 

Fv('n if the sci)a.rat«' sh<>ets a.r(‘ kept sc'pa,ratted, it is still possibhi, if they are not 
thoroughly agita,t('d, that some of lh<! lu'gattvcss or prints will sink to the bottom of 
th(', tank or tray, wlu'U'as otluu-s may nmiain at', a. higher levcd of wash wat,er in the 
bath. Hinc(' th(' hvj)<> solulion is more denser tluin tlu^ irc'sh, un(*ontaniinat(‘d water, 
il. will t('iul to s('ttl(' a.t tlu? bottom of t he titid<. Thus t lu^ sheets ad. the bot tom of the 
tank will recedve h'.ss effectiv<' w.Mshing than thosi' ad tlu' top. 

(UrulaininalioN. of Partly \\dshed .Materials. —d'lu' axldition ol iug’a,l,iv<is or prints 
fri'sh from t.h(' hyi)o bath into a, bath of i)a.rl.ia,lly washed i)rints or mgatives may 
easily undo all tlui elTccIs of pia'vious washing, so that it ma.y b<' lu'cessary to start 
washing all over again it (“.oiufihdc^ washing i.s to b(' attaiincal. I h(' naison lot this is 
that, the matcu-ials having the higluu- comarntration of hypo add consideraltlc hypo 
to the wash wa.tcu', so that the introduction of the hypo-laden materials may raise the 
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Jaypo concentration of the partly washed, materials. The same effect occurs if hypo- 
contaminated fingers are placed in the wash bath. In this case, to obtain a given 
degree of hypo elimination, washing will be prolonged beyond that time required if 
the bath is not contaminated. 

A practical means of reducing to a minimum contamination from either of the 
causes mentioned above is to wash the photographic materials in cascade. Two 
methods are possible. In one of these the wash water remains constant for each 
bath, the baths being cascaded; in the other the water from one bath overflows into 
the next bath and all baths have their water changed periodically. The second 
method is to be preferred unless the amount of wash water is limited. The material 
to be washed is placed in the first or bottom tank and is removed, in due time, to 
higher tanks in which the water is successively less contaminated with hypo. Slumld 
it become necessary to add more negatives during the washing process, the partly 
washed negatives can be removed to a higher tray, whereas those fresh from th(‘ hypo 
bath are placed in the bottom tray. Thus the partlj^ washed negatives or prints 
receive fresh water, whereas those fresh from the hypo bath receive water whi<.di is 
©nly slightly contaminated by hypo from the materials in the preccHaling l)a.th. 

Completeness of WasM-ng Negatives .—It is of practical importarux^ to know wlum 
negatives are sufficiently thoroughly washed as to prevent hypo staining. Wiishing 
longer than is necessary is time consuming and accomplishes no esscmtially usefxd 
service. There are three methods in common use for determining the wa,slung time. 
The first depends upon experience. The other methods depend upon chemical or 
electrolytic conductivity tests for traces of hypo or other sohite. 

The washing of negatives in trays is time consuming but is pract ical wIhu*<' only a 
small amount of work is being done. A common general rule, basx'd on exp<‘ri(m(^e, is 
that a negative or print should pa.ss thnnigh 6 to 12 clninges, remaining in eac^li hath 
for 5 min. In warm weather this method may be productive of frilling luuuuise of th<', 
frequent handling of the negatives which this process rexpiin^s. 

Where negatives or prints are washed in trays or tanks of running \vn.t<‘r the 
required time of washing may be determined from the time winch it takc'S for a 
colored solution in the tank to become completely nqdaced by ck'ar, colorlc-.ss water. 
To this time should bo added the minimum washing lime for tlu', material uiuhT 
consideration, as given in Table III. For example, if it t akes 10 min. for t lu^ colonal 


Iable III.— Minimum Washing Time hok 


Latitern-slide plates. 

Other plates. 

Mini nejuatives of all kinds. 

Siimle-weipclit lirornidc* papers. 

Double-weight bromide papers. 


VaIUOUS PjlOrOGllACIUC Ma'I'KIUAIjS 

Wasbing Titmv 
Mim 

. 

... 5 

... 7 

. 20 2r> 

. 2 ") (>0 


solution to be nqilacaal by e.l(*ar water running int.o ibe tray, then film n(>gativ<'s 
should be washed at least 17 min., single-weight bromide: jiapers should be waslu'd 
30 to 35 min., and lantm-n slidcis should be wasluul 13 min. Any (‘oIohmI solution or 
dye may be used to del,ermine t,he length of tiim^ for tin' taidv to Ix'conn' cU'jired, but. 
it is desirable that this solution be one which lias no deleti'rious x'lhnds on tlni nega¬ 
tives or prints. 

A test solution for hyjio may a.lso be used. This solution is matle by dissolving 
the chemicals in the following formula. 


Potassium i>enriangunal.a 

S od i u ni h y d r ox i <i e. 

Oistilhal wator to mako.. 


o.a g. 

0. <1 g. 
27)0 ao. 


d gr. 

8 gi. 

8 oz* 
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To make a test solution add 1 cc. (J^ dram) of the above solution to 250 cc. (8 oz.) 
of water in a clear glass container. Allow the wash water from several negatives or 
prints to drip into the test solution. If the color of the solution remains unchanged 
the photographic materials may be considered to be completely washed. The violet 
color of the test solution will turn to oi-ange in about 30 sec. if a small amoxint of hypo 
from the drippings of the wash water is added. With larger amounts of hypo added 
to the test solution, the color will turn to a greenish yellow. Change of color of the 
test solution indicates incomplete washing. 

The success of this test depends upon the water being free from oxidizable organic 
matter, for, if it is not, the organic matter will react the same as the hypo. To ascer¬ 
tain that, the water is free from organic matter, it may be tested in the following man¬ 
ner. Prepare two samples of the permanganate-soda test solution using distilled 
water. To one of these samples, add a known volume of drippings from the wash 
water, then add an equal amount of tap water to the second test solution which is tc 
serve as a conti'cd. If the sample to which the tap water has l)een a,dded remains 
violet, the absence of organic matter is indicated. If the color of the solution is 
changed slightly by the addition of tap water, the presence of organic matter is indi¬ 
cated. In this case, the amount of hypo present in in the first solution will be indi¬ 
cated by the relative color change of the two samples. If both samples turn the same 
color, no appi’cciable amount of hypo is indicated as being present in the first solution. 
If the sami)le to whicli tap water was added turns pink, whereas the sfiitiple to which 
hypo was added turned yellow, the presence of hypo would be indicated in the water 
in which the prints were being washed. 

Kle(!tri(‘.a,l methods of nuuisuring conductivity of solid.ions may b<5 used to (l(n.{^r- 
niine the pres(uice of hypo. The simplest of these methods, which is not so sensitive 
as some of thc^ cluunical t(‘sts, makes use of an ohmnieter such as is used in ra.dio-S('t 
test (Miuipment. The olunttuder consists of a, d’Arsonval or similar typ(' of d-c 
measuring instrument, a small dry ba,ttery, and a, vjiriable n^sistance for adjusting the 
met('r to its init.ial or zero s(dting, all connected in ,seri<>s with f.wo terminals which arc 
insulated froni otic another. In use, tlu^ tcumiinals of the instnummt are phuaMl in 
ch'ar wa,t(>r, and tlu^ rluH>sta.t is adjusted to I hc; zero rc^ading of the mete:r. Winn it. is 
desir<Ml to tesst a. solution for tlu; pr(^sen<u> of hypo, tlu' terminals a,r(^ imm<'.rs<‘d in the 
wash water, and the meter r(^a.ding is obs(wv('d. If the nu!t(U' nuuls zero, the ahsenure 
of hyjx) is indicated. If the met(U’ reads some value gr(^a.t(U’ tluui Z(u-o, the a.mount of 
hypo j)r(‘s<mt. is roughly proportional to the tmd,<>r residing. 

In onh'r t hat such a, device may b<‘. imhqxmdent of t lu^ e.xt.ent to \vhi<di its ele<d.ro<l(\s 
are imnnu'sed, it is ('sscmtial that the: same a.r(‘a. of tin* (dcadrodes alwa.ys be immcrs('d 
wluui nniking measununents. Usually, in most, coinmercia.1 instruments, the (de<v 
trodes arc^ <'xpos(al a. givam a.mount., tin* remaining a.r<'a. Ix'iiig prote(d.ed by insulation. 
The d('vic(' will t.lum giv(' significa.nt rea.dings so long as t h<^ (‘xposed port ions of the; 
<d(xdrod(\s a.r(^ comi)l(d.('ly lmmers<xl in tin' licpiid. d’lx^ succ(‘ss (^f su<di a, (h'vic.e 
depemds to a. large (extend upon 1 lx; sensitivity of the' nuMeu’, upon t.lu^ a,r(Mi of 
the exjx)S('d <'l('cl.rodeos, and uix)n t lx^ separa.tion Ixd.wexn t he cl(X‘trod(\s. 

lTa.s7d/i|/ of I^rin.h. —Ilie-kman a,ml Sixnux'r in flu* I'holographic Journal, 1925, 
vol. ()3, page •-{■Id, showed that prints reepiinxl a. gnaiter washing tiimi than platens or 
film. Whiles t.hc: larger part, of t Ix^ li.vpo i.s removexl from t he (unulsion in a (compara¬ 
tively short tinuc, a c(U’t,a.in amount is ttnaciously redaim'd by fix', lllx'rs of t.luc pa.p(cr 
su])port a.ixl is diflieult to rcniovcc. For this rc'ason nuudi longecr times of washing anc 
re(iuir('d for prints tliaai for plates oi‘ film. Prints on gcxxl pa,peer shoidd be waslxcd at 
hcast 30 nun. in a, running st r(ca.m of watc'r whihe the simphe douhhe-weeight paper should 
receive a 1- to 1 'k-lo'. washing. Incian.sing tlx^ vedocity of tlxi wuiltu' or tlx* How of 
water over the print do<^s not de'creaise the. time of washing ciornvsjiondingly as is the 
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case with plates. The removal of hypo retained by the paper base appears to be a 
matter of time and not of the amount of water or the velocity employed. 

In general the conditions applying to the washing of negatives apply equally well 
to the washing of prints, at least qualitatively. On the assumption that hy])o would 
diffuse from both sides of the print instead of from only one side, it has soinetim<\s 
been presumed that prints may be washed more rapidly than an equal numlx'r and 
size of film. It has also been stated that prints require a longer time of washing than 
an equivalent quantity of negatives on the basis that the fibrous texture: ot the paixu' 
holds hypo more tenaciously than do negatives, so that complete washing is not so 
readily accomplished. 

Experiments by Hickman and Spencer^ indicate that both points of view are (x>r- . 
rect within limits. A large percentage of the total hypo may be removed iroui pritif s 
within a comparatively short time, but considerably greater washing of prints than oi 
negatives is required to remove the last traces of hypo. Consequently, lor completes 
removal of hypo, prints should be washed in running water for a longt'r t.itnc; than 
negatives or should be washed in more baths than air equivalent amount of ncrgativti 
material. 

When prints are washed in running water, Warwick^ gives as a praidic.al rule the: 
formula 

t = K login A (14) 

where t = the washing time, in minutes, required for satisfactoiy washing; 

A = reciprocal of the fraction of hypo concentration which it is flc^sinxi to olfi.ain, 
i.e., for attaining a final hypo concentration which is 1/50,000 of t he* origi¬ 
nal hypo concentration, A — 50,000; 

K — a, constant to be determined experimentally, but whicli is a,pi)ro.\inia(<‘ly 
15.5 for common practical cases of operation. 

If, for example, wo take K = 16, and A = 100,000, the washing time is 

t = 16 login 100,000 = 16 X 5 = 80 min. (15) 

whereas if we take A = 10,000, the washing time becomes 

f = 16 login 10,000 = 16 X 4 = 64 min. (,16) 

Effect of Container on Washing.^ —While the a,mount of wa,ter which is changed 
is of importance in the washing of photographic materials, Hickman a,ml iSp(‘nc(“r ha ve 
determined that the elimination of hypo is sometimes af'fech'd by tlu' cha rac(('riHt ics 
of the -wash water container in such a manner as to prolong washing lim(‘ mueli 
beyond that required for a complete change of water in the washing deviet'. h’or 
example, these authors report that plates placed in a trough, through whieli a conslant. 
amount of w’ater w'as flowing, were found to be washed free of hypo niorc^ rapidly if (lu^ 
trough was slightly inclined than if it W'as horizontal. The efl'ectivem^ss of tank w:is)i~ 
ing devices were found to vary considerably. The inclined trough wavs found (o b(> t he: 
most effective, as well as one of the most simple, of washing devices. 

It has been assumed (although not explicitly stated) that tlu* ina.t('rial out of which 
the container is made had no appreciable effect on tlu^ time of waishing of prints or 
negatives. This is a desirable condition and is realizcxl to a very (4os(^ a,p|)roxima t iou 
where the w^ashing vessels are made of glass, enameled metal, glazed earl hen\va,r(% 

1 Hickman, K. C. D., and D. A. SpENciiiK, Washing of Photographic^ PrexiuetH, Fhat. 66, hhi 
(1925). 

2 Warwick, W, A., Scientific Washing of Negatives and Prints, Am. PkiH., 11 (No. (i), 8 17 327 
(1917). 

3 A comprehensive study of the effectiveness of washing devices has been reported Vjy Hickman and 
Spencer, Phot, 62, 225 (1922).^ 
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stainless steel, or other iionporous material. If, however, the vessels are made of 
unglazed earthenware, wood, or other semiporous or cellular materials, some of the 
wash solution will be absorbed by the porous material and will not be given up so 
readily as in the case of a nonporous material. In the case of a porous container, the 
fresh wash water will be required to wash out the solution from the pores as well as 
from the negatives and prints. The law of washing the container is similar to that of 
washing photographic negatives and prints, although the containers may wash more 
slowly than photographic products. 

Temperature of the Wash Water .—So far as removal of hypo is concerned, the tem¬ 
perature of the wash water is not of great, importance. But the; temperature of the 
water has secondary effects which may be quite damaging, and it is best to keep the 
temperature of the wash water within certain limits, if this is at all possible. 

As gelatin is warmed, it swells and finally, at sufficiently higli temperatures, flows 
off its support. For this reason, the temperature should not be(H)me excessively high. 
A good general rule to follow is to keep the wash water V)etween 60 and 70°F. whenever 
this i.s possible. For those easels in which it is not possible to kc^ep the temperature of 
the wash water down to thes<^ limits, da,mage of the film may often ho prevented by 
hardening the gelatin in a hardening bath. Sudden changes in the temperature of the 
gelatin are likely to cause wriidcles or reticidatitm. For this reason it may be advisable 
to keep the temperatui’c of the wash water as near the temperature of other solutions as 
possible. 

Hypo Eliniinniors. —'I’o r('du(H'i the washing time reipiired to eliminate hypo from 
negatives and xirinls, it has bcum suggestf'd that the hypo be converted into some 
substance whiidi can he mort; easily washed from the gelatin. Tlnu'c a,i)X)earK to be 
little advantage in using such hypo eliminators, however, for t hen the; “hypo elimina¬ 
tor” must he removed from tlu^ gelatin, and the removal of this substaju^e may take 
as long as the ri'moval of t he original hypo. 

Drying.—Ordinarily the drying of i^hotographic mgatives and f>rinl.s is not, given 
serious consideration. In sjiit.i^ of the fa,ct tha,t. comparativi'ly little, if any, {diysical 
action takes places whicdi may harm the materials during drying, certain praidices a.re 
to be i^referred to otheu's. 

Mechanism o/Although drying is oft,mi tr('a,te<l as an op(U'a.tion involving 
oidy a single step, two distimd, jihasivs of drying take jilaiu'. 'The first of l lx^se is con- 
c.(wn('d with the; rivmoval (»f <‘xc(‘ss surfaxa^ wa t,m‘; t lie scu'ond phase is otu' of (';va.pora,tion 
of the remaining waiter much of which Inis Ixhmi a.hsorl)<'d by t lie gi'hit in. In l,h(' s<'(“.ond 
phase, (waiporation ta,k(‘s phice normally, or it, may be a,cc<^l('rat(xl t hrough llu^ use of 
forc(xl-dra,ft air blast s. Washes in alcohol or ot lau- liipiids of low Vaiior pressure, and 
consequent ly ha ving rapid evafioral ion, also r(\sult, in acci'leratod drying. 

Itmnoval of t he cxc(;ss surface' wat.i'r is d('sirahlc; for two ri'asons. In tlui first. })la,c(^ 
it speixls uf) the total tim(^ n'ljuired for drying by removing larg<^ droi)s or pools which 
would othm'wisc be nxpiired to (wa.i)ora.t,e. In (he seixind place (,h<^ (,('ndmicy of the 
unn'tnoved wait,or to form vvali'r spots n'sulling in <'<'rt,a,in forms of spots or stains is 
greatly n'lnovixl. The excc'.ss water may be; n'lnovi'd from n('ga,(iv<;s and prints by 
blotting t hem wit h a. soft, but lint less clot h or ab.sorlx'ut ma.t,('ria,l. In ( his ca,S(^ the 
cloth should l.x^ fnx' from woven patt.mai, as otherwise tlx^ jiattcrn may he impn'ssed 
on the soft, g(^la.(,in. Anot lu'r v<‘ry sat isfa-<‘(ory waiy i>f ri'inoving I'xm^ss surfa,c(' waiter 
is to blot, or nib off t lu' wa ter wit h viscose spongiss. In this case ca n; must, lx; us(xl, 
esptxaally wi(,h miniat ure (ilms, t,o si'c t hat, small pa.rt ich's of tiu' spongi' do not become 
hx>se and d(;i>o,sit th<'nis('lv(is on th<; (ilm, wlu'rc t licy might, remain t,o produce spots on 
th<; final jirint. 

Aft,(;r t,hc surlticc; vvatc'r has Ix'i'u remova'd, tlu' ncga.(,iv(*s or {)rin(,s ma.y be hung 
up to dry by evaporat ion. Drying may t,a,ke j)la(a; t hrough t h(‘ normal ('vaporation, 
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although quicker drying can be obtained by playing a draft of air over the materials 
to be dried. If the air is heated, drying will be more rapid, but the temperature 
should not exceed 90°F. 

While drying by forced air flow may sometimes be advantageous, this method 
tends to stir up the air more completely than normal drying and, in so doing, also 
stirs up dust and dirt which may be deposited upon the film. The deposit of dust 
particles on the film is particularly serious in the case of small negatives from which 
enlarged prints are made. One means of minimizing this contamination by foreign 
particles is to place the material to be dried in a wooden or metal frame or box which is 
covered with a cloth of very fine mesh; sufficiently fine so as not to permit dust par¬ 
ticles to pass through it. The air may then be blown over this box. While the us<j 
of the fine mesh cloth will reduce the air circulation somewhat and thereby prolong the 
drying time, none of the particles outside of the frame can be deposited upon the film. 
By making the frame small enough to hold only the required number of negatives, the 
amount of dust inside the frame can be minimized. 

Certain liquids having low vapor pressure so that they evaporate rea.dily may l>o 
used to assist in rapid drying. Of these materials the most common and us(4ul is 
alcohol. After washing has been completed, the surface water is draiiu'd oil, and the 
negatives are immersed in alcohol.^ The negatives are allowed to remain in th<^ 
alcohol bath for a sufficiently long time for the alcohol to pernieate the gelatin (coa ting, 
thereby replacing as much of the remaining water as possible. Ordinarily from 3 to 
5 min. should be sufficient for this purpose, after which the negatives may be nmio ved, 
drained of their surface alcohol, and hung up to dry. If desired, much of the surface 
alcohol may be removed by blotting with a soft cloth or viscose sponge, but in this 
case care should be taken that lint deposits do not adhere to the nega,t.iv(‘. 

The rapidity with which such an alcohol-treated negative will dry depends ni)<)tv 
the degree to which air is circulated over the negative, the tcunpernture a.nd Inimidity 
of the air, and the percentage of water in the alcohol. Water and alcohol are mis(‘il)l<^ 
in all proportions, and as water is brought over to the alcohol bath from the final wat <'r 
wash bath, the alcohol becomes more and more diluted and los(^s some of its effecd ivui- 
ness as a rapid drying agent. 

Sometimes it is found that a faint opalescent deposit a.i)pea,rs on l.he tu'gativa^ 
which has been rinsed in alcohol. This is likely to occuir if poor gra.d(\s of a.l<^<diol 
(such as rubbing alcohol) are used but may usually be removed by rubbing the: surface: 
of the dried negative with a soft cloth or lens tissue. If a. negative has not lau'n 
sufficiently fixed, it will assume a white opaloid or white appearance wlum imni('r.s('d 
in the alcohol bath. The removal of this opalescence may be a(*.c,omplishe<l by washing 
the negative in clear water and then returning it to the fixing l)ath for more t liorough 
and complete fixation. 

As alcohol is a solvent for the support sometimes us(ul for ccu-tain films, if should 
not be employed with cellulose nitrate films. In this case drying may be ha.s<.('n('d by 
immersing the film in a 40 per cent sohition of formalin or formaldehyde' for 5 nun. 
following the final wash in clear water, after which the negative sliould Ix' dri('d in a, 
current of air at as high a temperature as is consistent with pixwcmf.ion of injury to 
the supporting base. Such procedure has considerable ijotcmtialities of da,mage to 
the negative, especially if attempted by the inexperienced worker and is reciomim'mh'd 
for use only in emergencies. 

Quick drying can also be carried out by using ether instead of alcohol as th(i final 
wash bath. Ether and its fumes are highly inflammable and operations with thi.s 

1 The use of an alcohol bath is suitable for f^lass plates and fihn inatfU'ialH nuulc^ of (U‘llulos<' nc<d.at<\ 
as well as printing papers. Cellulose nitrate films are soluble in alcohol so that such negatives cannot b(‘ 
washed in alcohol. From 10 to 20 per cent water should be added to alcohol for this bath. 
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chemical should be carried out in open space or a well-ventilated room. Fumes of 
ether should not be breathed as it is an anesthetic. 

Plates and films are usually dried vertically by placing; them in racks or hanging 
them by clips from some convenient support. In this case evaporation may take 
l^lace from both sides of the material. On the other hand, prints are often dried by 
placing them on a horizontal surface or by squeegeeing them to ferrotype plates, in 
which case effective evaporation can take place only from one surface of the print. 
Another common method of drying prints is to place them between white lintless 
blotters or alternate laymrs of blotting paper and waxed sheets. Pressure may bo 
applied to a pile of such prints to reduce the tendency of curling. 

Water spots on negatives result from the accumulation of water particles into 
drops. In drying, the gelatin swells at the edge of the drop and forms a crater around 
the perimeter of the drop, which remains after the drop has completely evaporated. 
The additional thickness of gelatin at the edge of the crater shows up later in the 
print as a slightly dark rirvg or stain. It is sometimes possible to remove such water 
spots by soaking the negative again in water and drying as uniformly as possible. 
Removal of the excess surface water will assist in minimising stains due to water 
drops. Another method of removing drying marks is to completely bleach the film in 
a solution of 


PotawBiuin l)roinido. 10 gr. 

Potaanium ferricyauitie. 10 gr. 

Water. 1 oz. 


After bleaching, the lugativt; is washed and them fully devciloped in a nonstaining 
developer. 

Drying of Frintn .—After a i)rint hu,s becui washed tlioroughly, the surlace moisture 
may be removed by swabbing with a pierce of w('t absorbemt c:otton and tlie print 
placed in a rack, in a print dryer, or on a. fla.t surface! to dry. If tlm hardema- in the 
fixing bath has harchuunl the (unulsion side suflicicmlly, the print may l)e blotbul 
by m(>ans of a moistened viscose sponger, or the ex(a>ss wa.ttu' may nunovunl by a 
squeegee or print rolhu-. Tlie jn'int is phuaxl (unulsion sidci against a. c^leaii fiat surface, 
such as the polisluHl surra.(ui of a fcu’rotyjxi plate, and (he surplus wa,t(U' is remoxxxl by 
running a. rubb(U' straigldxxlgc'd scpiecgcx* or a. print mller over (lu^ ba.cdv of I Ix’: print. 
The print may be hvft on tlH; f(UTo(,ype ])late, if one is used, until it is thoroughly dry, 
wh(‘n it will pe<d off easily. 

The print may also lx; fohuxxl uj)on a drying s(.rel,(duu’, whi(di (consists of a, frauiu^ 
of wcxjclen strips, acu’oss which hav(^ Ixxui strcdched sluxds of thin porous clot.h siudi 
as clxicsecloth. Such a frames may Ix' us(h1 in (lx* open, or i(. may be luhuxxl in a, 
warnuxl drying oven. In (u'tluu* (ui.s(‘ it is d(\sirabl(^ (o turn tlu^ prinl.s (jv(U‘ (xxuusion- 
ally so tliat. tlu^ tcuichuny toward curling may bc! rcxlmuxl. 

The time recjuinxl for a. print to dry will depend upon (lu^ degr(x^ (,o wduch tlu^ 
emulsion has becTi luuxhuuxl in t he fi.xing bat h, tlu^ ('xt.ent. to whi(di t.h(! surplus water 
has becui removed from the print., t he temperat ure a.nd humidity of ( he drying atmos¬ 
phere, and the wcught or thickness of the [)rint pa.p(u-. 

Curling of I*ri?d,s. —Prints friuiuently lia,ve a. ((uuhuKW (()wa.i‘d curling. 'This is 
esp(xua.lly true in the case of [irints dried on a, drying sindcln'r auid in the case of prints 
having a glossy rather than a dull or matte surface. If a slightly ex<u',ssiv(^ amount, of 
ha,rdener was used in tlu' fixing bat h, and if, monxiver, t he (.('inperat ure was a.l)ov(‘ the 
ordinary nxun (.ernperature and the humidity low, t.lu^ crispru'ss will be {in'siuit to the 
extent of britthuu'ss, with a.n inclination to crack, making it (uusy to injure the print in 
ordinary handling. Such an objectional condition in wliiidi a print drills when this 
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method is followed requires use of expedients to produce a fiat flexible print. These 
expedients are as follows: 

The use of a glycerin bath. 

Sponging and the use of blotters. 

Coating the back of the print with gelatin. 

Straightening the print. 

To give flexibility to the print and overcome brittleness, as well as some of the 
tendency to curl, a glycerin bath may be used after completion of the final washing. 
The bath is composed of 1 part of glycerin to from 5 to 10 part,s of water. The print 
should be allowed to remain in this bath until the solution has thoroughly permeated 
the gelatin coating, which usually requires at least 5 min., and then, without fxirthcr 
washing, the print is placed upon the drying screen. 

Whether a glycerin bath has been used or not, it is always advisable, while the 
prints are on the stretchers and before they are thoroughly dry, to sponge tlui backs t)f 
them lightly with water or alcohol and to lay a blotter on them. Even when the 
glycerin bath has not been used, this sponging, combined with the use of blotters, will 
aid greatly in drying the prints fiat. 

The serviceability of the blotters used extensively in print finishing is greatly 
increased by keeping them as dry as possible. After each time they are wetted, they 
should be spread out to dry before they are again used. Commorc.ial blotters arc 
ordinarily unsuitable for photographic purposes as they invariably contain chemicals 
that have a bleaching action on the print. Colored blotters are likewise unsuitable 
because of the likelihood of the color being transferred to the print. A white, chem¬ 
ically pure blotter is available for photograbhic purposes. 

The curl of a print may be removed by the scraping effect of a straightodged ruler, 
the procedure being to lay the print face down on a hard citum surfac-.c^ and to draw it 
between the surface and the straightedge while it is held in close (K)ut!ict with tlu^ 
surface. 

Ferrotyping .—Glazing or ferrotyping a print is a proenss for increasii»g llu‘ Ixistm- 
of a glossy-surfaced print so as to increase its contrast. To impart this gloss, fc;rro- 
type plates, i.e. thin iron sheets coated with a hard, smootli, glossy enanu'l, or <‘hro- 
miurn-metal plates, are used. Prints to be ferrotyp<^d shoultl be ha.rd<‘ned in tlie 
fixing bath and allowed to remain in the final wash for the normal length of tinu^. 
Upon completion of the final washing, dip the clean ferrotype plate in wa,t<‘r to rtmiovc 
dust specks and lint. Then lay the print, face down, on the ferrotype 5 )la,t(*, applying 
one corner first, and gradually bringing down the othen- corners until the print, li(\s 
smooth and flat on the plate. Squeegee the surplus water from the print by mentis 
of a print rollci' or squeegee, making sure that the print is in firm, intinniti^ lamtiiet 
with the plate and that all small air pockets are eliminated. In rolling or siiiu't'gm'ing, 
work from the center toward the edges of the print. Insb^ad of s(|uc<'g<'(Mng, t,iie 
print and ferrotype plate may be passed through a wringer; Inis is (dTi'ctivc where 
much work is being done. After squeegeeing or passing through the wringer, the 
prints are set away to dry. 

If the feiTotype plate was clean and the directions given Iia,vc Ixum followed, the 
prints will fall away from the feri'otype tin after they have btMroim^ eomphdiidy dry. 
If they do not separate readily, the pidnts may be removed liy prying loose on<‘ corner 
and slipping a thin piece of film between the tin and the print, using this him as a 
wedge to separate other parts of the print from the tin. 

The prints should be trimmed immediately upon their removal from tlu> bn-rotype 
plates and should then lie placed under pressure to rrinimize f he leiuUuiey to eurl. 
Tendency toward curling may be reduced by dampening the back of the prints occa¬ 
sionally with alcohol. 
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a reasonable amount of care is exercised in handling ferrotype plates, and they 
ean and well polished, little difficulty should be experienced. Occasionally the 
i will stick, and the remedy in this case is to use an antisticking solution. This 
on consists of ,^-4 07,. prepared ox gall, 2 drams of formalin, and 20 oz. of water. 
)rints are soaked in this solution for at least 3 min. after the final washing and 
len transferred to the ferrotype tin without a.dditional washing, 
common cause for the prints sticking to the ferrotype tins is insufficient harden- 
I the fixing bath, washing in water that was too warm, washing for too long a 
1 of time, applying too much heat to the ferrotype prints in an effort to hasten 
g, or failure to lubricate the plates properly. The lubrication polish for ferro- 
plates is made as follows: 


Benzol, giiHoliue, or bonziue. 15 oz. 

Puraftiii. 150 fijr. 


)lish the tin with a soft clotli dipj)ed in i his solution. Hub dry with chain cloth, 
lolish with a soft dry i^loth until all traces of the solution have disappeared, 
sc of Alcohol.—Almhol may be used to liasten the drying of prints in the same 
er as its use in the case of negatives. After the final wash in clear water, the 
should be immers(al in alcohol from 2 to 5 min. (depending upon the amount of 
in the alcohol) and left until the print liccoincs transluc.ent, i.e., until the outline 
! image may be seen through the back of the print. The surplus alcohol is then 
cd olf, and the print is dried in the usual manner. 

Icohol-hurning A!rthod.—'Whon alcohol is used to hasten the drying of the print, 
1 be l)urned from tlie surface more (|ui(!kly than it will evaporate normally. 
)rints are wa.slual in wat.er and l.hen in ah^ohol, as a.lready (^xi)laiiuHl. The sur- 
ilcohol is drained off. Witli the wet print saitdy nanoved from inflammable 
•ials, thi^ {)rint is lu^ld by one corner and an open flame is ajiplied, enabling the 
unable alcohol to burn a,nd in so doing to dry tlx^ print. Ca,r(^ must be exercised 
the print is not scHU'claal or tlmt f.he fing((rs a.re not buriKal. If tlui print is 
;‘d t,o rc'tnain too long in tlx* alcohol l)a.(h, (.Ixr a.l(x)hol will [)en(d.rat.e tlx' paper 
, and the (uitin^ print may Ix' horned. Tlx^ nnhhod is not rc'coinnuaxh'd, except 
('merg(m(!y nuaisun'. 
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CHAPTER XIV 


PRINTING PROCESSES 

% 

By Keith Henney 

The photographic process culminates in the making of a positive print, either on a. 
transparent Ijase for viewing by transmitted light or on a paper base for viewing by 
reflected light. The negative is only an incidental and intermediate (although 
extremely important) step in this process. The print is the final result, and by the 
print the photographer’s efforts are judged as successes or failures. 

General Printing Processes. TJie Printing Method. —When the negative is made, 
a tone reversal takes place, the bitght portions of the object being reproduced in the 
negative as dark portions and the shadows or dark parts of idle object becoming light 
or transparent portions of the negative. The reason for this reversal of tone is the 
fundamental basis of present-day photography. Light so affects the negative mate¬ 
rial that a metallic silver deposit of varying thickness represents the image in the 
processed negative. The high lights or brighter portions of the ol)je(!t are rcipresented 
by denser deposits of silver which absorb more transmitted light than the less dense 
portions representing shadows of the object. 

When the print is made, the tone values of the negative are revtu-sed so that the 
dark portions, represctiting the high lights, become light portions in the print; and 
the transparcmt {)arts of +h(^ negative, representing the shadows of the original, b(^(^omo 
dark portions in the; pri t. 

If the negative and positive have been correctly exposed and procc^ssed, tlu^ rela¬ 
tions between the brightiK\ss of the lorightest, the least bright, and the intennediabi 
portions of the original scene will be correctly reproduced in the final print. In tlic 
ideal case the actual valiums of tlu^se brightncisses will be reproduced a.s wtdl a,s t he rc'la- 
tions bctw(H;n tlnun, l>ut in general all that is expected of the print is tha.t two i)<>rti<ms 
of the original, l)earing a certain brightness ratio, will be represc'nbnl in tlu^ print by 
that same brightness ratio. Thus, if two portions of the original scene hav(^ a bright¬ 
ness ratio of 3:1, these portions of the print should reflect light to the eyt' in a 3:1 
I'atio. 

Typen of Printing Procestn-H, and Their Characteristics. —Prints may b(; made:, in 
general, l)y two methods: tlu^y nm.y be plac-ed in contact with the lU'gative, wlum a, 
print having the sa,me dimensions as the negative will result, or the positive; material 
may have the image; proj(;(;ted on it from the rugative so that the print may be smaller 
or larger than the original, as well as the .same size. If the print is to lie r(;due.ed or 
(;nlarged in size;, comj)a,rc;d to the size of tlu; ru'gative, the print must lx; made by 
{)rojee.tion. 

Printing proe.esses may al.so be classified as to the medium \ised for the print, idz., 
paper s(;nsitized with silv<;r .salts or i)aper sensitized with salts of other nu'tals, or a.s to 
wlu;ther the final print is in color or in monochrome, etc. In this cha.pt(;r we arc; 
(;oncerned with monochrome printing on materials sensitized witli salts of silv<;r. 

The result usually d('sired is ace.xiracy in portraying the original scene, not only in 
persix;ctiv(;, but in tone va,hu;8 as w(;ll, <;onHidering that eolors in the original a-rt; 
redu(;ed to black, white;, and .sliad(;.s of gray, in the final i>rint. But a,rtistically f lu; 
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desired print may depart widely from being an accurate representation of the original, 
not only in tone vahie, but in the component parts which make up the scene. In the 
hands f)f an ai'tist, a print may have very little in. common with the original scene, 
since the a,rtist has ineans of removing from the print any objectionable portion of 
the original, or lacking a desirable element in the original, the artist may add this 
clement to the print. The tone values are frequently distorted for artistic purposes. 

Color photography, however, is as yet a realistic medium, in which the effort is 
made to make an a(‘;c\irate representation of the original. In time it is probable that 
photographers will learn how to make use of certain distortions in color photography 
as they have in monochrome—all with the aim of producing a work of art rather than 
all accurate representation of the original subject. 

The Printing Problem .—If the aim is to produce an accurate reproduction of the 
original scene, the photographer must consider the following factors, which are con¬ 
sidered in gri'ater detail in the chapter on Photographic Sensitometry. 



Brightness Units 

l<'Ui. I..of lU'Kativo tlev(i:loi)iiielit on (^onipres.siiifi or increiusirif!; opiicity ruiiKO with 

respect (o seene briKhtnoHS range. 

The oi'iginal subject nvfh'cts light in varying degri'es (lejxauling upon the nature 
of tli(' illumination, and upon t he: color a.nd rclkn-tance of the compoiumt piirts. It is 
di^siri'd 1<) liav'c ihi^ final print sliow thesii differences in refliah ing ability. It is possibk'; 
in processing fhc! negn.tiv<' to (ioiupr<\ss tlu^ scale or brightness range of the original, to 
e.Kiiand it, or to make the negnllve show a.<unira.t,<'ly t.lie briglitm^ss differeruH^s ol the: 
original, d’hus, if (he ratio IxdAviuui tlui maximum a,nd mininiuin brightness ot the 
original is 20: 1, tlx' o|)a.ci(y of the negative riipresmiting th(^se portions of the original 
may show a. ra.tio of Ii^ss than, (“qual t.o, or gn'nter than 20: 1. 

If t.lx^ sc^ahi is corniiressinl, i.c., if this lirighl.tu'ss ratio is nnluced, the negativi^ is 
(la,t, when^as, if tlxi opadt.y ranges is (^xparxhxl, the tx>ga(ive is (X)nt.rasty (U)mpa,r(‘d to 
(lu^ original. If it is dcisired (o make the; print, an accurate rcjirodiuhion of tlu': l,one 
values of (Ix^ original, sonui (uimpensallon must he nuuk^ for (,he la,ct that a flat or 
contrasty n('ga,tiv(^ dix's not a.c(mra(,<'ly porl niy the original. 

Pra,c.(hailly, the jihotographiu’ ixirforins thesis (xunpcnsai.ions by using a paper 
whiidi has kss or mori! contrast. With tlu^ flat rx^gaiive, in which the brightness range, 
of tlu‘ original has IxM'ti compri'ssixl, a. contrasty paper should be ustxl; conversely, a 
•‘soft” papiw, lacking in c<)nl,ra,s(,, should be used with the contrasty rx'gative, the 
(h^griH' of softness or contrasl, depending upon the di'greii of compensation required. 
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If the negative has been processed so that the brightness range of the original is cor¬ 
rectly reproduced in opacity range, then a normal paper would be xised. Prints 
obtained in these three cases will all look alike, if the photographer has processed and 
used his materials correctly. 

The photographer may make use of this ability to compensate for errors occurring 
in the making of a negative or print. For example, the scientifically minded photog¬ 
rapher knows the brightness range which may be expected from paper of certain 
contrast. If he must photograph a scene in which the brightness range is greater than 
this paper will reproduce, he will intentionally make a “soft” negative in which the 
brightness range of the original has been compressed into the scale which can bo repro¬ 
duced by the paper. On the other hand if certain negatives are flat bcciausc of sonu^ 
error in processing, the photographer may select a grade of paper which compensates 
for this error. 

Printing Materials and Their Characteristics. Types of Silver Salt AT aterials.--- 
Printing papers are generally known as chloride, bromide, and chlorobromidt^ papers, 
these names indicating in a general way the chief ingredient in their emulsions. C'hlo- 
ride papers are the slowest and are used for contact printing; bromide pa,pors, thc! 
fastest of all printing papers, are roughly 100 times more sensitive than the (diloridt^ 
papers. They are used for projection printing. Intermediate in spcHul arc' tlu\ 
chlorobromides; roughly one-twentieth as sensitive as the bromides. 

The chlorobromide papers are used when the operator wants thc maximum control 
over print color and contrast by variations of development procedure, a,ml when the 
simplest types of afterdevelopment toning are to be employed. 

Chlorobromides vary considerably in speed. Some are almost as slow as th(^ 
chlorides; others are almost as fast as the bromides; some may even l>e slowx'r than 
papers used for contact printing. These papers are usually not ma,d(^ in the wid<^ 
range ol contrasts available in both chlorides and bromides, but a wide raug(i of (control 
in warmth ol tone is possible with them. They have deeper blacks, and give a. more; 
faithful rendering of shadows than chlorides or bromides. 

Characteristics of Printing ATaierials. —Curves representing the rc'lation bel ween 
exposure and opacity (usually plotted as the logarithm of the exfiosurt^ against Mu^ 
density which is the logarithm of the opacity) of positive materials are; Himila.r to t hose 
of negative materials. In general the straight or linear portions of th<^se curv<‘s an' 
much shoiter than those of negative materials. The effect of varying tlu' pr()C(^ssing 
is maikedly different tor printing papers than tor negative materials, a.H ilhist ra.tc'd 
in the chapter on Photographic Materials. 

Printing papers are sensitive only to the shorter wavelengths, viz., blue, and (^a,n Ix^ 
processed in yellow or red light. Negative materials, on the otluu- hau<l, may be 
sensitive to the entire visible spectrum and even beyond. 

Even to' the light to which the paper is sensitive, printing papers arc^ much h'.ss 
sensitive than negative materials. 


Another difference Ixcitween positive and negative materials lies in th(^ maniun- in 
\\ hich vaiying contrast is secured. It the photographer prolotigs the developim'iifr of a. 
film or plate, the contrast increases. By variations in development procaulurc;, con¬ 
trast in negative materials may be controlled. But contrast is varital only to a, small 
extent by development variations whtm positive printing papers a.re processed. Con¬ 
trast effects arc olitairuxi through proper choice of paper, rather than by methods of 
processing. If a contrasty result is desired from a negative having normal gradation, a, 
contrast paper wdl lie usc'd. This contrast paper used with a soft negativii will in'o- 
duce a normal print having normal gradation. Similarly a soft print may be obtaimxl 
from a normal negative by the use of soft paper, and a normal result will be obtaltu'd 
by using a soft paper with a contrasty negative. 
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These effects may be summarized as follows: 


Table I.—Peint Characteristics 


Negative 

Pa)r>er grade 

Print 

Soft 

Soft, 

Excessively fiat 


Normal 

Soft or flat 


Contrast 

Normal 

Nornial 

Soft 

Soft or fiat 


Normal 

Normal 


Contrast 

Contrasty 

Contranty 

Soft 

Normal 


Normal 

Contrasty 


Contrast. 

Excessively (u)ntrasty 


Tone and Expoftnre Range .—Printing papers inive two general characteristics. 
One is opacity (or dtinsity) or tone riinge; the other is exposure range. By tone range 
is meant the ratio of the liglit rcdkaited from the l)rigiitest high light of the paper 
to the light X’eflectcai by tlie deepest shadow. All papers will print black if exposed 
long enough. All reflecd. white light if unexposfxl and if the Ixase is untinted. The 
texture of tlui surface'! has a marked o(T(‘(;t uixon the tone range. A imittc; surface will 
reflect inoni light from a, black port ion of the; picture than will a glossy paper. There¬ 
fore the black of a, luatk^ print will not be so black as that of a glossy print. 

The exposure range is tlie ra.tio betwe^en the (exposure iTupiired to give the (hiepest 
l)lac,k a.nd tlu’; exposuia; reciuired to give a silver dc^posit which is .just pcu’cuiptible. Tlui 
exposure ranges is usually much l(*.ss than l.he; oi)a.city I’atige of negative materials. 

A (contrast ])ap('r may ha.v(^ mi <‘xposur<^ range of 5 to 1; a soft paper may have an 
exjKisure range as griait as 50 t,o 1. Pa.pers or other degrees of emutrast will have 
(exposure lauiges l)(‘tw(‘('n these values. VVil h this d(“gr(><' of (a)ntra.st (umtrol arva.ilable 
by sehadiing llu' most, suitabh' papiu', (lui pho(.ogra.plier (am make prints having ac.(‘u- 
rat(^ tone ra^^produe.tion from neigativu's ha ving opacity range's of 5 to 1 (density range of 
0.7) uji to 50 to I (eUmsity ra.nge of 1.7).' 

The pb()togra.pli('r wlio aims a.t print.s for .salons will choose uud.iculously the 
{)a.per which has llu' tom^ and ('xiiosurce ra.uge lu'cc'ssary to show what he considers 
will g('t fa.vorabh' atl.('u(.ion from the salon judges. h’or triuast r(^[U'odu(d.ion, a, paper 
of proper ex|)o.sur(* range must Ix' <dios('n (o be uscal with a given lu^gativea Hut 
prize-winning r('sults a.re ofi.en a.tta.in(sl by dc^lilxa'a.tedy (or ace^iehmtally) disregarding 
I bis rule. 

If tin; photograpluT nuikeas a. single kind of n('ga.l.iv(', portraits lor insta,nc(^, undc'r 
accurately (amtrolled (mnditions of ('xiiosuix^ a.nd (hn-elopiiuait, lu^ will mx'd to use but 
a singh' gra.dc' of iirird.ing pa,p(a'. d'be ama teur and the c.ommercaal finisher, however, 
must ha.ve at band sevc'raf gradi'sof [lapiu', .sonu' bard and .some sott, l)e(ai.u.se they must 
|)rinl. from ii('g;di\'(',s ma.de under a.ll sorts ol ('onditions, a,ml olt<'n pro(‘.e.ss(Ml uiuha' 
conditions which may jii'oduei' o[)a,cit.y ra.tios which arc^ not lik(( tlie sulijecd, brighl.iu'.ss 
ratios. Most phol.ogni|)h<'r.s eompromi.se by using .‘i. normal or mediutn gra,de for most 
work a.nd saia'ilicung some a.ceura,t.enes.s in jirinting negatives winch are not exactly 
suit.ed to these grade's. March'r or softer papers are u.s<al for tlu'se negatives whi(‘h 
a,re pa.t(mtly out. of t b(' normal or a,vera.ge c.la.s.s. 

1 Wit.li ciulioii uiul plulituiMi proccHHc^H inucli lonn<>r (ix|)OHia'<; h(ui1(;h are po.sHihle, platinum inalcitiR 
VOHHihle u i*anp!H of iOO fo 1, 
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Matte vs. Glossy Prints .—On the question of tone range of matte compared t. 
prints, a communication from Rowland S. Potter, in The Camera, April, 193C>, 
esting. Sensitometric curves were made of normal grade Velour Black, 
bromide enlarging paper. Successive exposures differed by ~\/2. The rxui 
reflection density of glossy paper is clearly greater (see Fig. 2) than that of 
paper. If the matte print is waxed, its maximum density lies somewhere betvv< 



A BB-1 

Log Exposure B-2 


Pia. 2.—Effect of waxing matte print WAf in. increasing maximum density, aj>i> 

that of a glossy print G. 


of the glossy and the fully matted ijrint. Tlie table below gives the jiertir i< 
from this investigation. 


Table II.— Rfeect of 


Various Types of Surfaces ok Printikcj 


I* 


Paiier surface 

Maxiirnim 

denwity 

Relative 
raii^^e in 
opa<aty 

increase 
in opacity 
ovin* matte 

Cm amma 

Exposure 

range 

Relativi^ 
ranf^e in 
exiiOHu re 

i j i 

X’ 

It 

IVTfitd'.f-* . 

1.3() 

I . 00 


1.83 

18.84 

1.00 


Waxed . 

1. G 

1.73 

73 

2.20 

22.13 

1.1 7r> 


GloHwy. 

1.75 

2.45 

145 

2.28 

22.13 

1 . 17^> 



It will be noted that the d.arkest bhuik of the glossy print is nearly 23 -^ tiin c'.*- 
than the darkest bhick of the; matte print and that the waxed print has a l> 
about 75 per cent greabvr than the unwaxed print. Furthermore, the wa>c<' 
and the glossy prints hcjth have greater contrast than the matte print, cvi<l< 
the steepness of the curves in the straight portions. In addition, the waxocl 
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glossy prints both have longer scales of gradation than the matte by a factor of about 
17 per cent. 

With a vigorous long-scale negative there will be more detail in the shadows of a 
glossy print or a waxed surface than in those of a matte surface. This is true in spite 
of the greater contrast. If the differentiation of tone of the matte print is satisfactory, 
a negative must be less conti’asty to give equal differentiation of tones on a waxed 
surface or a glossy paper. In addition the glossy print will reproduce greater subject 
brilliance because of the greater maximum black that can be attained in the glossy 
print. 

At its maximum density the paper reflects about 1 per cent of the incident 
light, which corresponds to a reflection density of 2. Therefore the longest tone 
range possible is almut 100 to 1. 

VarieMcs of Printnig Papers Available .—Beside varying in contrast, printing papers 
are made with various surface textures (smooth or matte, rough, glossy, canvas, etc.), 
on paper backing material of various tints or colors, of various weights (single or double 
weight, etc.) etc. These matters are treated more fully in the chapter on Photographic 
Materials. 



Practical Considerations in Printing. Seleclion of Papcr.—'l'hc, printing paper 
must 1)0 .S('l(‘cte(l, not only with r('ga.r<l to the c()ntra.st to fit the nega.tiv(' to be printed, 
or 1.0 pr<Klu(r<i the desirc'd end result, hut also with regard to the texture of the paper, 
its thi(d<.ness, a,nd its color. 'I'hese are nuiti.ers of o{)inion lather than matters of 
fa.(d.. 

Brightness Range Enconnlercd in li\)rtuna,tely the l)rightncss ra.nge of the 

a.vera,ge outdoor or sl.udio scene is such that ordiiuiry n('g:i.tive materials will record it 
a,ccura,tely. Mens’ shows a, pliotograjih of a, tyj)i<ail outdoor sccuni in whi(di tlie liright- 
ness f>f a, sunlit (doud \v;is 12.')() ft.-Ia.mh(>rts and the (le(‘i)est shadow had a, brightness of 
11)2 ft.-lainherts. This rcjiresents !i. briglitness range of 26 to 1. Scauies with bright¬ 
ness ra,nges of 100 to I do not reproduce well, nor <1() scenes of ra,tige of less than 10 
reprodmai well. It is s<‘ldom l.hjit brightiK'ss ra.tiges grea.t.er l.luui 20 or 30 to 1 wifl be 
encountered. 

Most ru'gad ive emulsions are eap;d)le of reprodmung (arsily the ra.ng('s of brightness 
found in studio or outdoor subjt'cts. 

Effect of Using / mproper Uonirast (Irade.^ —Suppose a subject ha,s a bright.ness range 
of .50 to 1 a.nd th.at il. is prin(.('d on a. paper with ;ui exi)osure ra.nge of 40 to 1. The 
paper cannot rej)rnduc(' l.lie (mtire ra,nge of the suhj(‘ct. Siippose the paper is exposed 
to the neg}i.liv<' fwhi(di luis an o|)acity range of ,50 to 1) in such manner that the high 

■* Meeb, C. I*j. Iv., “ PlioioKnipliy,” Muctuillan (1037). 
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lights produce a just perceptible deposit of silver. The deep shadow will now be full 
black, but so will many tones which are merely approaching the shadow end of the 
subject brightness scale. On the other hand suppose the paper is so exposed that the 
deepest shadows only are black. Now the high lights will be white, but there will bo 
many tones toward the high-light end of the subject scale which will also be white. 
Thus a portrait may show a totally blank white face—^no half tones. 

If, however, a subject with a range of only 40 is printed on a paper with a scale of 
50, different results will occur. If the paper is exposed so that the high lights produce 
a just perceptible blackening, the shadows will be gray and muddy because fifty times 
as much exposure is needed to make this paper black, while the subject produces arr 
effect only forty times as great as that prodiiced by the high-light portion of the nega¬ 
tive. If, on the other hand, the exposure is such that the shadows are black, then the 
brightest high lights will be darker than white, and the over-all effect will be a mxiddy 
and an unpleasant print. Of course, it is possible to lose tones at both epds, as by 
using a hard negative with soft paper and placing it midway between white and black 
on the curve. All tones will be gray. 


Black 


B/ack 


Wh/fe 






Gray 

TT Tone range 
ofpr/ni-, 

• true black 
never 

alfaineol White, 


te 



Tone range of 
print, true 
white never 
attained 


Gray 


Y^v/ax. opacity i 


'Minimum 
opacity 
=shadow 


Neg. range 
= %0-hol 


t:-M/n. opacity 


Max/wurrn 
opacity I 
^high/i^t 

range of 
paper=50 to I 

Fig. 4.—Production of weak, limited-tone-range prints by using paper with too long an 

exposure range for the negative. 


Exposure range of 
paper 50 to T 


It is possible to take advantage of the exj^osurc scale of a paper in another wn,y. 
If a “snappy” or brilliant print is desired from a negative correctly reproducing a 
fairly flat subject, then a contrast grade of paper may be employed. On the otlu'r 
hand, it is possible to reduce the contrast of a subject, correctly reproduced in a, nega¬ 
tive, by printing that negative on a pa.por of less than normal contrast. This ha,s tlu^ 
effect of making more important the intermediate tones existing bc'.twcuui tlui l)Ia.ck 
and white limits of the original subject. It is imposssiblo, however, to put half tones 
into a silhouette. If the original had no intermediate tones, such tones cannot be 
found on the negative and cannot be printed into the positive. 

Methods of Matching Paper a'tid Negative .—Photographers who do iruudi work learn 
by experience liow to select paper to fit negative. But the casual printer does not 
aerjuire this n(^(a\s.sary experiencci. It is possible that the professional (mdd turn oul. 
better prints if he ha.d an ac*.curate means ot mea.sui’ing the scale of his negative a.nd 
thereby detei-mining which gra,dci of papm- he should use. 

By means of an exposure inetcu-, or other form of photometer, the idrotogra.pher 
can measure the tra.nsn\i.ssion of light through tlu': dfuisest and the thinnest portions 
of his negative. iphis gives an imjnedia.tt^ inde.x to the brightness (exposurcO ratio that 
must 1)0 accommodated by the printing paper. After measuring this range the deci¬ 
sion can be ma,de whether to use a hard or soft or a nredium paper. Suitalrle photo¬ 
metric devices are described on pfige 436. 

Several devic-,es are on the market which are useful in determining the exposure 
to give a certain negative when jrrinting it on a certain paper. These instruiiients 












Fic}. 5.—of printing; low-, noi'mal-, and hi^>;h-(^oTlivr^ust nojL 2 :a,livos. Middle ne# 2 :ative 
(left) and (right,) are normal. If the low-eoniraHt lu^gative \V(a*e printed on hard 

,I)aper and the high-(H)ntraHt. nega.t.iv(^ were print,(^d on aoft i>ai)(n', the reHulta.nt prints would 
re8emV)le elonely the print made on niedi\im paper frf)m t he nornnd negat,iv(n (Courlcii'jj of 
Agfa Corp.) 
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measure the average or integi’ated amount of light that gets through the entire nega¬ 
tive. They will not help the photographer determine the grade of paper to be used 
since they do not make it possible to measure small areas and thereby to determine 
opacity diffei’ences between the high-light and the shadow portions. 

It may be said here, however, that a negative having high contrast should be 
printed on a paper having less than normal contrast, and conversely, a flat negative 
reqxiires a more contrasty paper to pi-oduce the .best results. 

Practical Considerations in Negative and Positive Materials .—So far it has been 
assumed that emulsion characteristics were perfectly straight and of sufficient length 
to reproduce brightness ranges found in practice. Actual materials, however, are not 
ideal; the relation between opacity and exposure in negatives is not completely linear; 
at low values of exposure and at high values of exposure the curvature of the charac¬ 
teristic means that distortion will result if these “toe” and “shoulder” portions are 
used. 

Curves are employed to represent the relation between exposure and opacity ol 
photographic materials. In practice these relations are usually plotted as the loga¬ 
rithm of the exposure against the logarithm of the opacity (called density). There ar<^ 
two reasons for this procedure: (1) a longer range may be represented conveniently in a 
small space in logarithmic units, and (2) the response of the eye to a light stirnuhis is 
more nearly proportional to the logarithm of the stimulus than to the numerical value 
of the stimulus. 

If a brightness ratio is to be reproduced which is so great that the curved “toe” 
and “shoulder” portions of the D-\o^xa E curve must be used, then the extreme high 
lights and the darkest shadows will not be truthfully translated into opacity ratios 
(or density differences). This is because of the curvature of the relation ho.tweo.u 
exposure and opacity (or density). If the brightness range is small, it may l)e phn^ed 
anywhere on the straight part of the curve with the knowledge that the opa.city ratios 
(or density differences) will be proportional to brightness ratios if not exacdl^'' (Hpial to 
them. 

The slope of the straight-line part of the /)-logio E curve, when plotted as logarithm 
of exposure against density, is known as “gamma.” It is actually etiual to: 

Alogu, ^7 logu, (JS- 2 /i?.) ^ ^ 

Gamma and contrast are often used as synonomo\is terms, although incorre(d,ly, 
The contrast of a negative is the difference between the greatest and the least density, 
no matter whether these densities represent only the straight-line portion of the 
D-log,inE curve or not. Gamma pertains only to the straight portion of the inirve. 
Since, however, most photographers assume they arc working only on the straight, 
portion, they use gamma and contrast indiscriminately. 

If the gamma (slope of the straight part of the 7D-logi« if curve) of the; negative: 
is unity, the negtitive represcmts accurately the subject brightness values both in 
proportion and in actual oi)a.city values. The negative may be printed on a paper 
with a gamma of unity. Ilut if the negative gamma is higher than unity (say 1.2) 
then the negative must be printed on a paper with a gamma of less than unity (in this 
case 0.83) to make a print that is a true i*epresentation of the original. Matlunnatical 
proof of this practical point will be found in the chapter on Photographic Sensitonud ry. 
If the product of the slopes of the lu^gative and paper curves is ecpial to 1, accniratc; 
reproduction is procured if we neglect the extreme shadows and extreme high lights. 

With printing papei’s, the portion of the density-exposure chara,(‘teristic that 
is actually straight may be quite restricted in length or may be nonexistent. 8o long 
as the curve has no pronoxinced curvatxire at either end or anywhere else, it is i^rohablc! 
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that very few, if any, persons will be able to detect that distortion has entered into the 
printing of a given negative. It is the aini of the paper manufacturers, however, to 
make printing materials that are as near technically perfect as possible and at the 
same time to mahc^ them practical to \ise. 

The exposure ranges that are often cited as being about 5 to 1 for a contrast paper 
a,nd about 50 to 1 for a soft paper are secured by measuring the exposure differences 
recpiired to produce (certain density differences. If a considerable portion of the toe 
region of the c.urve is taken into this calculation, the exposure range cited will be 
greabu* than if only the truly straight part of the characteristic is considered, as one 
may see from th<j curves in Figs. 7 and 8. These are characteristic of Defender B Velour 



I 



(). - Tlic‘orot ic'vl (‘iirvcth 
t ivo n.n<l lu^ss of 

(1.21 X ().<S2r)) <><|u:Us unity; a 


print. the product of nogutive naKl 

nMiuirorneni for <^orro(*t tone reprodiietiou. 


print gammas 


Black (ji ])rojc(d.i()n pa.pcM*) tind of Ap('x (a Dofeuuku' eontact pap(vr). Data for the 
followiug lnl)l(‘ wcrc^ taktui froni th(\se etirvchs: 


d'ABUM 111.—ChrARACTEriisTic’s oc Papeu 
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''Die '‘sp(‘(Mr’ \\ovo is |.ak(‘n as <h(‘ c^xposun^ in in(d,(U’~cn,n<ll('-s(‘(*onds recpuixal to 
])ro(lu('e a print (l(‘n,sily of 1.0. Thus (Ik* pro.i(‘<;l ion paper is scum to liav(' a sp('ed of 
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about 100 times that of the contact paper (710 m.c.s. required to produce a density of 
1.0 on the contact paper compared to 6.3 m.c.s. required for the projection paper; both 
grades being medium). The exposure range was estimated by considering the portion 
of the characteristic between a density 0.2 less than the maximum possible on the 
paper and 0.2 above the minimum measurable density. These exposure ranges 
would come more into line with the tables of such ranges already published if more of 
the toe region of the characteristic were used in making the range estimate. Gamma 
values were obtained in the customary manner, viz., the ratio between the change in 
density to the change in the log exposure over the straight portion of the curve. 



0.545 0.696 0.846 0.996 1.147 1.797 1.448 1.598 1.749 1.899 2.05 

Log Exposure 

3.508 4.966 7.02 9.91 14.03 19.82 28.06 39.63 56.11 79.25 112.2 

Meter Coindle Seconds 

Fig. 7.— Points on D-logio E curve used to calculate density ranse of paper. 

It will he noted that, these paiiers have definite straight portions to the eha,ra,(d.(‘ris- 
tie., that the harder (more contrasty) papers have steeper characteristics, a.nd that for 
th(!se papers thc! cnxposurc^ ra,nge is less than for the softer papers. 

Effect of Curvature of Characteristic .—Since practical printing materials may hav(^ 
appreciable curvature in tlunr 77-logi,, E characteristic, it is worth while to consider 
what happens when eitlier the cixposure has been incorrect so that the lower or upper 
bend is used or the lirightness range of the subject is so great that both upper and lower 
curves must be used. 

Suppose that the exposure has been insufficient to place the shadow portions of 
the subject up on the straight part of the curve. The high lights, however, are cor¬ 
rectly exposed. The opacity ratios (density differences) in the high-light region will 




Density 
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l)e directly proportional to the subject brightness ratios. But because of the curvature 
two shadow regions diffei'ing by, say 3 to 1 in brightness, will not produce opacity ratios 
of this value (when the characteristics of the printing material are such that y = 1). 

I hey will produce less than a 3:1 ratio in opacity because over the curved region it 
I'oquires more than a 3:1 exposure ratio to produce a 3:1 opacity ratio. 

2.0 


1.8 


1.6 


1 4 


1.2 


1.0 


0.8 


0.6 


0.4 


0.2 


0 

1.551 1.701 1.852 2.002 2.153 2.304 2.454 2.604 2.755 2.905 3.056 3.206 3.357 

Log Exposure 

35.56 50.25 71.12 100.5 142.2 201.4 284.4 401.8 568.9 803.5 1138 1607 2276 

Me + er Comdle Seconds 

S.l. Clontncl-papor (•liiir!i.(4i('!ri.sti<;H. Gr.ado 00 i.s soft; 55 is oxtra, conf.rast. 

If, oil (be ot her lintul, t lu' shadows arii (‘xi)os('(l so ( hati they lie on the straight 
pari. oF (,h(^ eurvi', I lu' high lights may lie ovi'rexposi'd, e^xtioiding up Ix'yond the straight 
port ion of ( h<' II and I) eurv<‘. Now tlu'y will Ix^ distortixl sinc.t^ lirightncss ratio of 
3: I will not. produce a 3: 1 ratio in ojiai-ily; (.h<\v will produixi h'ss than this variation. 
In tins easi^ the; shadows of (he in^gativo (or |)rin(,) will be ctorrect and the high lights 
will be itK'orn'ct. (bloihved u{)). 

In iK'gal.ivi' ina.ls.ing, eorrixh. (“X[)osur(^ is usua.Ily cxinsidm’cxl as that exposure whicli 
will g('(. tlx; shadows up on (he straight portion of t.lx’; curve', '’rixxi the straight part 
of t.lx' eurvi; lias sunieii'iit, lengt h for (he high lights not. to rea,eh t he shoulder. But if 
i. ppreciahly gn'ati'r exjxisure is given to the negative, the high lights may bo blocked 
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up and \vi]l not be represented correctly. In print making, correct exposure is usiially 
that exposure which will just slightly tint the paper in the strongest high lights. 1 hen 
the shadows will usually be of the correct density if a paper of correct exposure rangt, 

has been chosen. , . 

Because of the shortness of the straight-line portion of the paper character isti<. 
curve, it is often impossible to obtain perfect reproduction over the whole range of 

1.8 


1.6 


1.4 


1.2 


1.0 


0.8 


0.6 


0.4 


0.2 


0 

).943 0.093 0.244 0.394 0.545 0.696 0.846 0.996 1.147 1297 1448 1.598 

Log Exposure 

0.8770 1.239 1.754 2.477 3.508 4.966 7.016 9.908 14.03 19.82 28.05 39.63 

Me+er Candle Seconds 

Fig. 8/?.—Characteristics of Velour Black (projection) papers varying front soft to coni.ra,.si 

in grade. 

tones. If the extreme shadows are ignored, however, the exposure of f lic m'gativtt 
can be so chosen that practically perfect reproduction is obtained, on the proper pnptu', 
over the greater part of the tonal scale of the original subject. It is al.so a la.ct tha t th<' 
eye is not very critical to slight distortion of tone Vtalaiuats, while it is more staisitive 
to fuzzy, out-of-focus effects and bad perspective. 

Extreme high lights and shadows suffer from decreased contrast, however, bec.juisc' 
of the curvature of the Z)-logio E characteristic. 
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General Characteristics oj Positive Printing Papers. —Under this heading in the chap¬ 
ter on Photographic Materials will be found a discussion of the various paper charac¬ 
teristics such as speed, color sensitivity, effect of development on contrast, image tone, 
sheen, texture, weight or thickness, etc. 

Choice of Negative Contrast. —The question arises as to whether it is preferable to 
develop negatives to a low or a high gamma and then to use a paper of proper contrast 
to bring the final reproduction to the desired point, from the standpoint of true tone 
rendition. In general, it is preferable to develop the negative to a good contrast and 
then to use a soft grade of paper. In this manner better over-all rendition will be 
secured. The reason is the fact that there is less difference between the straight part 
and the toe and shoulder portions of a soft paper than of a hard paper. 


c 1.25 F g 
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c^O.75-Sr-'i- 
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! Exposure 

OO 'i?—^ I_ I ......J -^—I—LJ-1 
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Shadow Middle Tone Highlight 
Range Range Range 
2-t'^ 2-r 2-1 

Fig. 9.-—CGrnpre8.sion of shadows aiid hifi:h lights by using curved parts of cdiaraoteristic. 
Negative opacuty range S-1 Print brightneas range 52.5-1 

Nogativ(‘ shadow range 2-1 Print shadow range l.(>-l 

Negative nuMliuni tone range 2-1 I’rint niediuni tone range 11.0-1 

Negaiive high-light range 2-1 Print high-light range d.0-1 

High Key. Low ivc//. --Prints ani oftcui l)i,b(d(al as “lull seale,” “soft,” “low key,’' 
etc. Tlu! following table is taken from an articli; on print c.ontrol, by Laun'nci' Dut¬ 
ton, in .Miniature. (Uiincra Monthly: 


TaHI.K IV.- IhUN'l' ChlAUACTKRISTK'S 
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■ A very thorough and practical treatise on methods of printing on various papers, 
of methods of measuring the contrast of negatives, and of measuring the capabilities 
of printing papers will be found in Dutton’s book, ‘"Perfect Print Control,” The 
Galleon Press, 1937. 

Storage of Printing Papers .—Papers should be kept dry and free from chemical 
fumes, and from hypo dust. Preferably they should be stored in a cool place and 
under a certain amount of pressure to keep them flat. If they are in a moist warm 
atmosphere, they will mildew and stick together, being ruined for futxire use. Mois¬ 
ture seems to be able to penetrate numerous thicknesses of protective paper as well as 
the double envelopes in which most papers are now packed by the manufacturer. Thc^ 
only solution is to keep printing papers out of a humid hot atmosphere; or to place 
them in a simple drying closet which may be made by placing the paper in a, box or 
cabinet in which an electric light bulb burns continuously. Of course, the paper must 
be protected from light if it is not to become fogged or exposed. 

Contact Printing. Comparasion of Contact and Projection Printing .—The ultimate 
in sharpness of detail will only be secured by contact printing. When sharp negatives 
are enlarged a matter of two to four times this lack of definition is not notie.eable, but 
in greater magnifications than these values the loss of sharpness is unavoidable. 
Therefore, for extreme detail as for engineering or scientific record prints or where: 
reproduction by a photoengraving method is to be followed, the 8- by 10-in. contact 
print on glossy paper, well ferrotyped, cannot be equaled. 

For portraits and pictorial subjects, however, there is often an advantage in a 
projection print which is not so sharp as a contact print. In projection it is possible 
to reduce still further the sharpness by the employment of diffusion attachments on 
the enlarger lens or by making the exposure onto the printing paper through silk or 
other diffusing material. ^ 

Only by projection may the final print be smaller or larger than the negative. T<\)r 
this reason, if a very large print is desired, it is practically impossible to get it in any 
other way than by projection. In commercial studios the 8-by lO-in. (ainu'ra, is almost 
the upper limit of size in general use. Of recent years there has been a, ixunarkjible 
trend toward smaller cameras, which are easier to operate, to mov(^ about, and vvliich 
have lenses of greater depth of foc.us. 

The miniature camera, with a lens of large aperture and short, focal hmgt.h has 
made it possible to make photographs with very gixjat depth of focus and very short 
exposures. Negatives made in such <!amoras inay be enlarged many times bihOn^: 
grain inherent in negative emulsions becomes annoying and before tin* natural loss of 
definition with enlargement causes the print to suffer too much. Modern fin(‘-gra.in 
materials processed according to fine-grain techniciue will yi(ild (udargements of It) 
diameters' before either grain or loss of detail betajmes serious, and evtm gr(>at(>r 
enlargements are possil)le if the utmost in dcdail is not necessary. 

There is little or no opportunity for dodging or bedding back a portion of tlu' TU'ga- 
tive in contact printing; in projection, dodging is vtn-y freciuently (^tnploy(H^. In ( his 
manner emphasis may be ])la(H'<l upon the part of tlie imagt^ that nuu’its it.; (hdails not, 
wanted may be subdued, ’'fhe photographer is frecHl, sonuavhat, l)y this expcMlieid, 
from the vagariexs of uneven lighting. 

Negatives which are to be eida.rged must b(^ handled with gn^at (‘.are. Th(^ com¬ 
mercial photographer, accustomed to making contact i)rints from an 8- by lO-in. 
negative must learn an entirely mnv tecdmiciiu^ if he liopes to turn out good prints from 

1 Two terms are used for indicating the inaKnitudo of (,hn onlarRonient.: diameters and tlic jrcinn-ul 
term magnification. Strictly, the latter term should indicaitc* th(‘ enlargement in ar(ui. Prnct ically» 
however, all enlargements are rated as the.* number of times a.ny linear (limerisiou is increastHL Thus a 
10 times (diameter) enlar-gem(*nt means that, for (aich inch of the negative along a side, t lu' print 
will be 10 in. 
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miniature negatives. Every scratch, fingerprint, and speck of dust or lint is magnified 
with the image, and an invisible flaw becomes a ruinous blotch when magnified 20 X. 
It is practically impossible to retouch miniature negatives; all handwork must be done 
on the final print. 

One of the virtues of projection printing is the ability of the photographer to select 
a portion of a negative and to enlarge it to the desired degree. Often a negative 
looked at in toto will not reveal an excellent composition which becomes evident when 
only a portion is masked off and studied. 

To sum ixp, for the utmost in detail and freedom from grain, make contact prints. 
For depth of focus, when the exposure must be short, for large prints, for dodging one 
portion of the negative at the expense of another, for reproducing only a portion of a 
negative, for soft effects, enlarge. 

Contact-printing Equipment .—Gaslight or chloride paper used for contact, printing 
may be processed safety in a room illunnnated by ordinary incandescent lamps, pro¬ 
vided a safe distance is maintained Ixetw'een lamp and pap(U'. A better method is to 
use a yellow safe light to whicih the chloride paper is insensitive. The illumination 
oji the printing table may be fairly high so long as it is of a (lolor which will not fog the 
paper. 

For the amateur a printing box is usefxd. This is simply a box with one or more 
l)ulbs (of 40 or 60 watts each) in it together with a sixiall ruby lamp. A switch is 
connected with a hinged cover so that, when the exposure' is to b(^ made and the (^over 
is pressed down, the exposing lamp is turned on and the^ ruby lamp is turmui off. 
Between the exposing lamps and the negative is a diffusing ground glass. Some sort 
of reflector in the box aids in scnuiring even illumination. 

• Printcirs for professional us(> are of the sjirne general type' but art' more comph'x and 
are caixahh; of aceiominodating larger nt^gativx's. 

Making Contact I^rints.—OimUwt printing involves theses s('V(U'al st(ips: 

1. Placing iH'gative in printing imichine or fra,nu\ (unulsion sidc^ up. 

2. Placing printing pap(U' in conta.ct witlx tlu^ n(^ga.tiv(u ('inulsion sid<^ down (ilu' l.wo 
(umdsion surfaces are now in contacd). 

3. Turning on printing light, or if a printing fraaiu' and a,n ('xb'rnal ligld. source a.re 
used, bringing (lu^ frame m'ar the ('X|)osing light. 

4. Devtdoping, rinsing, fixing, washing, drying, atid itmunflng. 

With a printing box or machims it is diflKadt to “do<lg(\” f.c., to ('xi>ose one ])ortion 
of th(^ negativ(^ more or hiss (.ban anoi.lKU' [)art for tlu' purposi' of ittiproving contrast of 
a particular portion or l,o (W(ui up the final hrightiu'ss ovc'r the (aitire print. If a 
printing fra.mc: is us('d and 1 lu^ t'xjxosing light is fixed at a. (a)nv(!ni('nt dista,nc.e from tlu^ 
franus, a jtuaa! of (uirdl)oa,rd or ollua- opa,(j|iu^ mat(u*ial may b(' iid,(U'posed b(dwe<!n the 
light a,ml the: portion of the riega.t,ive which is to be ladd ba.ck. 

If a printing frame a,nd a.n ('xttu'ual source of lights ar(' us('d, it is w'iso to mov(! the 
frame wit h resixiet to the lamp so that evi'ii exposure over tlu' (udire pictun' is sc'cunal. 
A simple light box c.a,n be nuule, howu'ver, whicli may consist, of si'vc'ral inca,ndescent 
bulbs of small siz(! (pcrha.i)s, 2r) watts) plac('d in t he bot tom. Ihd.ween these lamps 
and tlui printing fra,nu' is a, slu'ct of diffusing ghuss or j)a.per. 

A normal eonta.ct papc'r placed about I ft. from a. 6()-wa.tt. lamp will require 10 to 
20 sec. exposure wdien i)rinted from a.n a.v<a-ag('. lu'gativx'. It is wise to ma.ke a test of 
the (xxi)osur(^ by using a. small st rip of the [xapeu’ before ('.xposing t lu' entire' slieet. 'Fins 
t(^st strip is plac('d over a, portion of thee nega,tive which ha,s bot h high lights and shad¬ 
ows. The (exposure should be su<d» l,ha.t. a.ft('r d('V('lo|)m('nt tlu' high lights show a 
just, [xuxu'ptible coloring com|);ir('d t.o a slieet. of uiu'xposed pa.{)('r. 

It is good practice to arrange th(' print.ing light and tlu' printing fnune in such a. 
mariner that exposures of the onhir of 4 or 5 sec., minimum, are required. At one time 
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it was tbought that better contrast was obtained from flat negatives l)y printing tlunn 
for a longer time at a greater distance from the light than customary. Nowa,days 
the contrast is secured by using a harder paper. Standardized conditions of light 
sources and distance between light and paper are highly desirable. 

Chloride papers are completely developed in about 45 sec. to 1 min. If the print 
becomes too dark in this time, it is overexposed. The image should show up in 10 to 
15 sec.; if it flashes up a shorter exposxirc is required. The print should be left in the 
developer until the maximum blackness is attained. 

Papers to Zfse for Certain Subjects .—Nearly all pictures will look well if printed on 
w’hite stock; others look better if put on buff-colored, cream-colored, or other tinted 
papers. But egregious errors may be made by using the wrong paper for certain 
subjects. Portraits, interiors by artificial light, and some sunlight scenes may b(^ 
printed on cream-, l:)uff-, or ivory-tinted paper. Outdoor scenes such as l)ea(!h and 
marine views and snow scenes do not look well on these papers. Moonlight scanes, as 
well as some snow and sand scenes look well if placed on paper which may be toned 
blue. Fire scenes may be toned red. In general, how'cver, it is always safe to use a 
white paper. 

For reproduction purposes, glossy prints are desired. In any case, if the finest 
detail and the greatest tone range is desired, glossy paper is preferred. Glossy xmper 
seems to be the mode for amateur prints made by commercial fuushiiig establishments. 
This style may change as has the style of using deckle edges and f)ther out-of-the^- 
ordinary fads. Rough papers are useful for broad effects of light and shadesw b\it are 
not of much use if fine detail is to be preserved. All surfaces will take retou<4ung with 
the spotting brush and spotting coloi-s, and all but glossy and silk surfac^es will takes tins 
spotting pencil. 

Projection Printing. The Projection Method .—IF the print is to be largcu- or sinalhu* 
than the negative from w'hich it is to be made, x^rojection x>i’itdiiig must, bt^ us(al. In 
this manner of printing, the image of the lU'gative is xn'ojected upon the xuinling papeu- 
by means of an objee-tive hais. The projection system nia,y be esixunally <a)nstruct<Hl 
for enlarging purposes, or it may be a ca.mera ust'd backward, i.e., the negat ivt^ is i)lac('d 
in the rear of the camera and illuminal.ed by a. soxirce of light. The image from t In': 
lens is then focused uxjou the semsit ive jxaijer. 

Because of the loss of light ii» the ijrojection systenx, x^nxmrs a.daxxttal for (mntnet. 
XJrinting I’cquire vx;ry long ('ximsurx's. The xxrojection iia.xiers, therefon', are much 
more stmsitive than contact, chlorides. 'irhere is no reason, however, a.side from t.lu^ 
longer exposures required (or tin; stronger source of light requinal), why c.outa.ct-type 
I>ai>ers should not be usxal for j)roj(^ction or wdiy x^rojeetion jja-xxors should not lx*: u.se<l 
for contact x^riuting. The bromide tyx>e of ixrojxiction uniy be as miudi as 100 

times as sensitive as the (ddorides usxhI f{>r conta.<d, xu’inting. 

Projection Equipment .—In siuqxh'st t(u-ms the (udarging camera, ma,y consist of t in' 
light source:, a holder for tlu^ ru'ga,iive, a. lens for focusing tlui ima,ge on tlu^ ])a,{)er to be 
exposed, sxnne m<*a,nH for va,rying thix h'ns-juixjer and tu'gative-lens distaiict's, and a.n 
c^asel ux)on wliich the sensitive: j>a,i)er is X)laccHl. Morx^ (mnqxlieated ecpiipnu'nt invoKn.s 
the use of sevxM'al ck'vices to adjust tlu^se neex'ssary ilist a.nces; some (vnlargers ha ve tln'sc^ 
l.wo distance controls mc'chanically c.oui:>k'd togxdher so that oiui oxxu'ation clmnges 
both lens-to-nc'gativc!i and l(ms-to-X)ax)(U- distance's. 'Theses are known as a.utoina t ic'- 
focus eularg('rs. 

ddie housing for the: illumina,nt, a,nd tlu^ ('ascl n(^ed not in'ct^ssarily be attax'hed to 
the focusing leans systx'in. (’onst'npient ly a.n ordinary ca,mera may be us('d as an 
enlarger })y attaching the ca,niei’a, t,o tin; lighting systxan so that the ne:ga,t,i\'<' is hehl 
betw(un g;Iass ])!a,t(s (or in sonie other maniu'r) and ])la,c(al Ix'tween the rc'ai' of tin' 
camera and the light house. Tin' easel ne(>d not Ix^ on the same bench as the (ainif'ra 
and liglit hous(i. 
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Vixed-focus Enlarger.- If the photographer is content with a single degree of 
(Milargenieiit, he may nse a fixed-foevis enlarger. The maximum size of film that may 
be enlarged is (K)ntrolled by the dimensions of the negative holder; the size of the 
largest slmet of paper upon which the image may be focused is controlled by the dimen¬ 
sions of the papcir holder. Ordinarily these enlargers are used by amateurs who are 
a,ccust,omed to use a hsingle size of negative and who are satisfied with a single size of 
j)a.per, e.g., 3^4 ^'>y in. enlarged to post-card size or to 5 by 7 in. The lens is placed 
at the t>i‘oper position between the negative and the paper and is sufficiently corrected 
lor th<^ purpose. After tlu'- negative and printing paper have been placed in their 
respecti^'e. holders, the enlarger may be l)rought out of the darkroom and exposure may 
take phuu‘ to tlu^ open sky or to some other source of illumination. The camera may 
])e knockdown in stylo so that it itiay 1)0 packed out of the way when not in use or so 
that it may be readily transported; more modern fixed-focus enlargers contain a source 
of illumination. 

Variable-focus Enlargers .—This tyiie of equipment is much more versatile than the 
fixed-focus arrangement. With sindi an onlarg(>r, any dc'gree of magnification between 
the minimum and maximum i^ossible with the physical equipment may be accom- 
I)lished. In adtlii ion, if the lens may be placed far enough away from the negative and 
close ('nough to the <'a,sel, a print reduced in size from the negative may be secured. 

Va riabh'-focus enlargers may fall into one of two general classes depending upon the 
tyi)e of illumination. If a single source of light (usuallj^ a concentrated filament lamp 
or an arc) is us(‘d, a. pair of ])la.no-c.onvex condensing lenses is employed to bring the 
light, to a. focus in the center of the objective (focusing) lens. This type of equipment 
is more (‘conomi<'a,l of light, a.nd it recpiires more adjustments than the type described 
below in which dilTused lighting is used. Flaws and negative grain become more 
a.i)pa,r(‘rd. in i)rints nnide from this tyi)e of eciuipment than is the case when using the 
second type. 

'rh<‘ second gcuu'ra.l tyix' of ecjuipment utilizers one or more lamps, the illumination 
Ix'ing broken uj) by diffusion |)la.ti(‘s (usually ground glass or opal glass) interposed 
bet.wec'ii source and in'gat ive so that t he dilTusing medium becomes the so\irce of light 
as far as th(‘ (udarging process is concerned. A diffusion syst('m provides even illurni- 
un,I ion oven- t lu^ entire nega-t ive without any adjustments of lamp-to-negative distance; 
Ihuvs a.iul gi'ain are minimized but miudi of tlie available liglit is wasted in the diffusion 
<'(iuii)m(‘nt.. Prints ma.de from dilTusion-type enhirger will be h'ss contrasty than those 
ina.d(' from a. condenser systenn. 

Som(‘ enlargers, not ably those uscal for enhirging minia-ture nc'gatives, use a con- 
(hniser lens to com-entrat.e tlie Ixaun and a ditluser to provide even illumination. 

Present t rends a.r<' toward the <liffusion type of equipment. 

In any variable-focus (nilarger th<n-e a,re two adjustments necessary to get sharp 
f(xais of tlx' image upon t.he printing [ja.pc^r: t he lens-to-iu‘ga.tive distance and the 
l(.,,s-t(>-paper distances. In a,ddition to tlu-se adjustments a. condenser system recpiires 
t hat t 1 h> ligl»t.-source-t.()-n('ga,tivo distamm be ac.curabdy adjusted to get even illumina¬ 
tion over the (udin^ m-gativ'e. 

In o[XM-a.tion t.he j)hot<)gra.phcr pla.c.es the nega,t,ive in the holdcu" and focuses the 
itnag(' to t he r(X|uired siz(' uj)on the (*asel l>y a.djust.ing t.he dista.nc.es meiitiomxl a.l)ov<.*. 
'rhen he may st.op down t.he objective lens to tlx^ desircxl point, phuxi the projec.tion 
pa.p(‘r ot) t lx- ea,S(‘l, and make t.he exposure. Proixa exposure is controlled both b-y the 
<lia,phragm in tlxi h>ns a.nd by t.he time of exposure. Stopping down will tend to 
ininiTiiize ('llkxds of [)oor focusing, but. it is always wise to etlect tl>e best possible locus 
before making the exix)sure. 

If the light, source' reipare'S a.djnstment, t.his is done after the desired magnification 
has Ix'C'ii (h't<’rmin<'d aiul Ix'lore the nega.t.ivt) is pla.(‘<'<l in the holder. 1 Ix' distance, 
light t.o negative holder, is varied until the easel is eveidy coven'd with illunnnation. 
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If incorrectly placed, the light will cast npon. the easel only a small circle of intense 
light; the rest of the negative will not be covered properly and the enlargement wdll 
show these light variations clearly. 

If a negative is dense and it is difficult to get accurate focus, a useful expedient is 
to place in the negative holder a well-fogged negative on which fine scratches in the 
emulsion have been made. When these scratches are sharply defined on the easel, the 
test negative is in focus and may be replaced by the negative to be enlarged. 

Equipment for working with miniature negatives will usually produce enlargements 
up to 15 or 20 diameters with the physical equipment built into the enlarger. If still 
greater magnifications are desired, some means must be found for increasing the 
distance from lens to paper. Usually, sufficient adjustment of the lens-to-negativ(': 
distance is built into the enlarger so that its enlarging ability is beyond the limit set 
by the lens-to-paper distance. This is generally accomplished by placing the paper on 
the floor and by turning the camera so that the rays of light from the objcictive chuir 
the table upon which the camera stands. With enlargers adapted for negatives of 
large size, e.gr., 3}^ by 4}-^ in. and up, magnifications much greater than four or fiv<^ 
diameters are not possible because of the considerable lens-to-easel distance rec^uired. 
The only solutions in this case are to use a lens of shoi'ter focus or to use an accessory 
lens to reduce the focal length of the objective. 

Enlargers for miniature negatives may use lenses of 50 to 100 mm. focal leiigth. 

Present-day equipment is constructed on the vertical plan, the camera extending 
up in the air, the easel being below it and horizontal. Vertical spac.e is stddom at a 
premium in the darkroom, and a horizontal easel is much easier to work witli. 

Certain older equipment had other adjustments in addition to those mentioned. 
For example, the negative might be tilted, or swung about a vertical piv'ot tJirough th<’s 
center of the negative, or the negative might be raised or lowered so that one portion 
could be brought neai-er the center of the rays from the light source. Modcu-n (vpiip- 
ment has few or none of these additional adjustments. If one edge of the (rnsc^l is 
tilted with respect to the negative, (uurtain correction in the lines of the negative may 
be effected. For example if the lines of a building converge because th(^ <^am(u-a 
has been tilted in making the original exposure, the easel may be tilted in the opposites 
direction. In general, however, mod(;rn enlarging practice has little iukkI of thes<^ 
additional adjustments. 

Most modern equipment includes a yellow or red filter which may be swung into 
the beam from the lens to make it possible to focus directly upon the s<niaitive pa.p('r. 
When the exposure is to bo made, this filter is removed from the light bea.m. 

Condenser Enlarger .—This typti of equipment is usefid when the utmost sharpiuiss 
of detail is desired, or when the maximum use of the light source must be se(mr(Ml. 
Because of this sharpness of detail, flaws in negatives are not subdued at all in (uda,rging 
so that retouching on negatives to be projected must be much more carefully doin', than 
if the etdarged print is to be made by a diffusion system. 

In condenser equipment, rays of light are scatterc'd more in the heavier portions 
of the negative than in the l<\ss d(mse portions. The latter go straight through the 
negative and are collected by the projc'ction lens. Some of tlxe scattered rays, how¬ 
ever, are not collected by the lens and do not reach the printing paper. For this 
reason, the contrast of prints ma,de by a cond('nser system is greater than prints ma.de 
by a diffusion system. This is known as the "Callier eff<ait.” Placing a, simph^ 
diffusing medium between the light source and the negative will eliminate this (dfe<d,, 
but the advantage of the condensing system is lost. 

The details of a condenser system are shown in Fig. 10. Theoretically, if tlie illu- 
rninant is a true point simree, the condenser lens brings the rays that pass through 
it to a focus ill the center of the projection lens. If the lens is moved farther away from 
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the negative to produce a smaller image, the light source must be moved closer to the 
negative to get even illumination. These adjustments must be made with considerable 
accuracy to secure good focus and even illumination. Practically, however, the light 
source is never an exact point source. Rays that illuminate the negative are both 
transmitted through the lens and scattered by the negative image and do not go 
through the lens. 

In miniature enl§,rging equipment no attempt is made to simulate a point source. 
An opal-glass bulb is used which presents to the negative, through the condenser, a 
very large source of light. No attempt is made to adjust the distance from light to 
condenser. The only adjustments, therefore, are the lens-to-negative and lens-to- 
easel distances. 



Fig. 10.—Element of a condensing enlarging system. 


Condensing Lens .—The plano-convex lenses are mounted with the flat sides out, the 
inner surfaces touc.hing or separated by a small distance. The equivalent focal length 
of the pair may be calculated from the formula 


f _ _ /i X /g _ 

f I ~h f 2 — d 


( 2 ) 


where / = the combined focal length; 

fit f 2 ~ the focal lengths of individual lenses; 
d = the distance between lens c^etiters. 


In operating the enlarger, the distance />; from the objective to the easel controls 
the size of the image, fl’o l>ring tht!^ image inU) focus on the easel, the distance do 
between objective and negative must be changed. These distances are related as 


follows: 


Di = (M-l-l)/ (3) 



where / = focal length of objective; 

A/ = magnification. 

Th (5 (condenser enlarger requin^s more spju’c I han the diPftising type because of the 
consideral)lc distaiu^e between the light source and the (H)ndenHers. Furthermore, 
unless objective and condens(U' are chosen carefvdly with respect to each other, the 
space required for the etdarger may b<H;omo very great indeed. If the focal length 
of the ciondtmser is less than that of the objective and if large values of magnification 
are to be us(^d, the distance l)ctween objective and (‘asel may be such that the enlarger 
cannot be accomodated within the darkroom. Thus, if a condenser with equivalent 
focal length of 6 in. is used with an objective of 12 in., a magnification of 10 diameters 
will require some 13 ft. for the distance between condenser and easel. 
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The focal lengths of the objective and the condensers should be of the same general 
dimension or, perhaps, the objective may be somewhat greater in focal length than the 
condenser. 


An approximate expression for the dista.nce between lens and easel is (Af + 1)/, 
where M is the magnification and / is the focal length of the objective. 

Degree of Enlargement .—With any enlarger the degree of enlargement increases 
as the distance between lens and easel increases. The formulas below relate the 
magnification and the distances between negative and lens and lens to easel. If / is the 
focal length of the projection lens, do is the distance from negative to lens, and Di is 
the distance from lens to paper, the sum of the reciprocals of these distances must 
equal the reciprocal of the focal length of the lens. Then the magnification is the ratio 


between the two distances, 


1 = 1 . 
f do 



(5) 


M 


do 

Di 


( 6 ) 


For practical purposes, however, it is simpler to use a table like that shown on page 
433, worked out from these relations. 

Objective Lens .—The lens should be an anastigmat of fiat field and fairly large 
aperture. It should be equipped with a diaphragm, but if considerable light is 
employed, this diaphragm should not be made of material that will easily warp from 
the resultant heat generated. Since the condenser concentrates the beam of light 
coming through the negative, the amount of light thi'ough the enlarger lens docs 
not vary with the/-number in the same manner as in a camera. A lens stopped down 
to //8 may pass as much light as one marked //4.5 because of this concentration. 
Therefore one must make trial exposures each time the aperture or magnification is 
changed. If, however, exposures arc not too short to be controlled at full aperature, 
there is no ol>ject in stopping down the lens. 

The lens from any camera that will bring rays to a sharp focus ma,y be used in an 
enlarger. A better lens, of course, will produce better definition, but many a good 



camera lens will make a good enlarger lens. 
Lenses especially made for enlarging work an^ 
often better coiTCcted over a small angk^ tha.n 
camera lenses. The lens must bo ca|)al)le of 
“covering” the desii’od negative. 

Modern miniature enlargers arc often desigtuul 
so that the photographer can use a lens int(U’- 
changeably for camera or for enlargin', thus sav¬ 
ing himself the expense of owning two hnises. 

Diffusion Enlargers .—Iir this eipiipment tln^ 
light from tlie source is scattered tlirough one or 
more diffusing mediums, which may hi-i ground 
glass or flashed opal glass. Because of tlu^ scat- 
tm-ing of the light, rays arrive at tlie negatives 
from all angles with respect to the surface of tin' 
lu^gative. The illuminated diffusing medium 
becomes the light source for the negalave. 
Scratches and flaws are minirnizied. 


According to Tultle (Journal of the Optical Society of America, October, 1934), tin' 
difference in contra,st between complef.e diffusion obtained by heavy pot-opai glass 
and no diffusion amounteilto about 3 to 1 wfuui Ma.sl.man SuperSensitive Pamdiromatic 
film was used as tlie sensitive material. 

% 
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TaBI^K V.- liBDUriNO AND ENLARGING TaBLK8 



LI[)I>or iHniil)or.s <>f piiirw jird of l<*ns from (‘ii.sol in or frtjin 1 <mih t-o phot^o i>(nnh 

roditcod in c.oiiyinK- Lower immhor.s of pains iir(i distuina^s from Ions t.o in^Kntivo Ikuiik (ndurKod or 
(*.atn<M*a (^xt-onsioii for rodu<*iiou. d'lio <'-ap (oid of Itms slioiilil fiit'o Lrotnidt^ j.)Hpt.*r in oidiirp^inj^ an<I in 
reducing shoidd fiuio ol)j<‘<'t. lioitiK <M)picd. 


DilTusioii (Mihu’jrprs an' siinplc'r to coiisl ruct and (o oprnda^ Muiti coik h'ti.sor sysic'ms. 
d’'h(' lows of lifrlit. iti till' dilTusioii iiu'aiis may be- Poti.si(l(M'!il)l(' and may prolonji; ('xposiiros 
apprc'cia-bly. la {rciipnd (lio lank of li}>;ht ('Hicic'ricy is not. too iaii)orta,at, bocauso of 
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the ease of supplying siifficient light to print in a reasonable time. In this case, 
however, care must be taken to dissipate the heat effectively. 

Use of Camera as Enlarger. —If a camera has a removable back and if it has suffi¬ 
cient bellows extension to accommodate the range of magnification desired, it may l)o 
made into a successful enlarger. All that is necessary, in addition to the camera, 
for the negative to be enlarged is a source of even illumination and a holder. 
The light source may be made up of several low-wattage bulbs in a white wooden box, 
or a metal box painted with glossy white paint, of such dimensions that it fits over the 
rear of the camera. One or more plates of opal .or ground glass may be interposed 
between the bulbs and the rear of the camera to secure even illumination. These 
diffusion mediums should be a short distance from the film to be enlarged so that th(i 
grain of the diffusion medium is not in focus at the same adjustment that brings 
the negative image into focus on the easel. Reflectors of any sort placed back of the 
bulbs will improve the light efficiency. 

The film or plateholder may be simply two glass plates between which the negative 
is placed. Masks may be fixed, permanently, to the glass plates. A simple slot 
structure into which the assembly of glass plates and negative fits will enable the nega¬ 
tive to be held parallel to the rear of the camera during focusing and exposure. 

These homemade enlargers are usually horizontal, although it is dot impossibki 
to make a vertical system that is entirely satisfactoi'y. The photographic journals 
have published many descriptions of such equipment. Several such articles a.r(5 
noted below. ^ 

With four 40-watt bulbs and a single sheet of opal glass, exposui’C's of the. order of 
10 sec. to several minutes may be required when enlarging 9- by 12-cm. negatives ui) 
to 8 by 10 in. with a 13.5 cm., //4.5 lens. 

One of the problems with homemade enlargers is to maintain the negative and 
the easel parallel to each other and perpendievdar to a line through the (^enttu- of t h<i 
camera. Another problem is to get even illumination over the entire negative. If tla^ 
negative is small, this is not so difficult, but in this case considerable dcigrees of mag¬ 
nification may be required, and then the proper mounting of camera, m^gative, and 
easel becomes different. 

It is pi-obably uneconomical to attempt the construction of a high-grade minia,tur(‘, 
enlarger at home. The precision of construction must be considera,l)le if high-class 
enlargements are to be made. 

Ex'posure Related to Magnijication. —With diffusion etdargers the exposum r(^(^^dr(>d 
for any desired degree of enlargement when the correct exposure is known for sonui 
other degree of magnification is given by 


(A/., -+- 1)2 X Et 


(7) 


where K\ and 71/ i (V)rrespond to the known exposure; time and magnilication and M-> 
and E->, are for another d(;gre(; of magrufieation. 

To Measure Degree of Enlargeuienl. —If two lines are sci’atcluHl on a plate; which has 
been thoroughly fogged and pro(;css(;d, the ratio of the distance betw(;en t lu; liiU'S 
projected on tlu; easel to the actual distance on the negative will be a measure of tin; 
degree of i;tdarg(;ment. Thus, if tin; lines are 5 cm. a.pa,rt on the final print and only 
1 cm. apart on the negaf.iv(;, tin; image; has been eidarged five times. 

1 Hibbb, Wyat'i', a Ilorizoiiiiil KiilarsitiK Outfit,, Am. Phot., .Tiily, 1935. This used four photofioods 
with a switch to rojdiice the voltage l)y a series eouiieetioii for focusing. The ouiuera was an Zeiss Ideal 

B. 

Ramley, mDWAiiD J., A Reflected Tight Source, for Pliotographic Enlarger, Am. Phot., Septismbor, 
1937. 

Jabdine, DonaLiP C., A Honie-iiiade Vertical Projection Printer, Ca^ncra, Februai’y> 1936. 
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Sources of Illumination. Present-day enlarging is done largely with incandescent 
lamps. At one time daylight was utilized, either by pointing the negative end of the 
('.nlarger to the sky or by directing skylight into the projection equipment by means of 
a mirror. Daylight is very seldom used, today, however. 

The incandescent lamps may be of the ordinary house-lighting kind designed to 
have a normal lite of 1000 hr.; they may be of the photoflood type which are operated 
at higher than normal temperatures so that the illumination is increased at the 
expense of decreased life; or ordinary electric lamps may be burned at a voltage 
slightly a,hove normal so that they furnish more than their rated amount of light but 
less light than a photoflood lamp. 

Mercury and other vapor lamps are occasionally recommended for printing. A 
vapor tube is much more' eflicient than an incandescent lamp. A given amount of 
power consimu^d will pro<iu<*e a. greater quantity of light. The lamp will run cooler 
than the bidl> type ol ilhmunant, and there will, therefore, be less danger of harming a 
negative from excessive heat. 

Th(^s(^ va.i>or lamps, however, have certain disadvantages. They require time to 
heat up. They cannot be turned olf and on like an incandescent lamp. When first 
turned on a menmry la,mp is very rich in ultraviolet light, but after 10 or 20 min. tho 
int{msity of the ultraviolet decreases, and therefore the printing time varies as the 
tul>e warms up. To gcd. <wen illumination special mflectors are needed, and somewhat 
lu^avy diltusion must often lie used l)etween light source and negative. The over-all 
eflic.icuK^y, tluu'efore, may be no higher than with an ordinary incandescent bulb. 

Effect of Lamp Voltage upon Exposure .—Few photographers realize the close rela- 
l.ion b(‘tw(^eu light (niti)ut of incandescent lamps and the voltage at which they are 
operatcMl. No(, only the luminoxis output, but its spectral distribution as well, is 
dependent. u|>on lh(? ojx'rating voltage. For example, a 1000-watt lamp will emit 
only flO p<M' (H‘td. of its rat(‘d out.pid. if its voltage is reduced by 16 per cent. If expo¬ 
sure's are nuiuired tluit sc'C'in too long, th(( trouble may be due to reduced voltage on 
t lu' light sourc('. Printing i)a,pcu’s are not scaisitive to yellow light, and yet the output 
of a,n incaii<l('s<'ent lamp b('<iomes more: and more yellow and less and less blue as the 
volfjige is d('(‘rea,s(Ml from normal. A paper that requires 10 sec. exposure when 
('xpos('d to a 1 ir>-voll. inca.tuh'scent lamp op(!ra.ting at normal voltage may require about 
60 ]HU- (X'td. more ('X[) osuu' if the lamp is operated at 110 volts. 

t'hlorobroinid(^ papc'fs are; sonunvhat more critical in this regard because their 
sensitivity is largt'ly in tlu^ vioh't rc'gion of the spectrum. Enlarging lamps are 
a\'aila,bl(' in vollag('S of 1 It), I 15, and 120 volts and the photographer shoidd use tho 
lainj) whose' ral('d voltag(' is tu\*ir<'st his normal line voltage. Lamps operated, at 
higiu'r t han rat('d vollrig(' will })(a’ndt shorter exposure times. The lamp life will bo 
shortcuH'd, howcn'cr. 

Lamp voltag(' should b(' acumrat.ely r<^guln,t(al by means of resista.nce or by mea.ns 
of an autot ra.nsfornu'r of t lx' Va.riac typo if exposures jmist be critically controlled. 
'Phis will cnabh' tlu^ s('pa,rat(' i'xposur<\s, as in color photography, to bo made at tho 
same vollag(', and (H)lor balance in t he fimil print will Ix' itiore easily attained. Tho 
a.ut()tra.nsfortrx'r is a, itu'ans of raising or lowx'ring the lami.) voltag(^ compared to 
t.lx' lin<^ vobag('. A resist a ix’<' will low(u- lamp voltages but (tunnot raise; it above line 
volt ag('. 

Exposure amt Aw/c/q/evur/d.---Although modcan projection papers have (iertaiu 
bit it.ude as rc'g.ards eorrc'cl (a\})()sure, it. is a.d\'’isal)le, always, to come as closci as possible 
t.o l.lx' “Ix'st” expoHiuHu Not. oidy must th(^ |)hotogra.pher determine the absolute 
va,hH' of the ('xp(>.sur(^ but, Ix' imi.st, (h't.ermine the contrast grade of the printing paper 
he is to u;s('. A n('ga,tiv(' of (xmsichu-able contrast may require a paper of less thau 
normal contrast.. Negativ(is ma,de in miniature cameras, for example, are usually 



436 


HANDBOOK OF PHOTOGRAPHY 
« 

developed to a contrast or gamma of less than unity so that the printing papers to be 
used with miniature camera negatives have a natural contrast somewhat greater than 
would be required for a “normal” (gamma equals unity) negative. 

Furthermore the absolute value of the exposure is a function of the paper used 
(as some papers are more sensitive than others) and upon the degree of enlargement. 

Test-strip Method of Determining Exposure .—If the photographer eliminates all 
variable factors in the process of development (by always developing completely), 
then the final result depends entirely upon choice of paper contrast and upon the 
exposure. To determine experimentally the correct exposure time a test strip of the 
paper to be used may be exposed to the focused image for a time judged to bo coi-rect. 
When developed, this print may be inspected carefully to determine if more, or less, 
exposure is desirable. 

The portion of the image chosen for the test should be a high light, perhaps th(^ 
brightest important portion of the image. Correct exposure will be that which will 
produce a just discernible density after development. If the contrast grade of paper 
chosen is correct, then the darkest shadow of the scene as represented by the negativ<^ 
will be the darkest attainable color in the print. If the contrast (density range) of the 
negative is greater than the printing paper will reproduce—this is frequently the 
<!ase—the photographer must decide which end of the scale to sacrifice, i.e., some of 
the high lights or some of the shadows. 

The correct exposure will give a just perceptible deposit of silver in the brightest 
high light. If normal paper is being used and if the first exposure is too short, doubh^ 
it for the second test. For contrast grades of paper, increase the exposures about 
30 per cent for the second test. 

Exposure Meters .—Various means have been worked out for avoiding the b^st-sl rip 
method of determining correc*t exposxires. If oidy the (U)iTect exposure is desirtHl, JUiy 
meaTis of estimating the average transmission of light through the n(‘gativ(^ will aid in 
arriving at the exposure. Hut if the correct contrast grade of paper is to Ix' rhdxu'- 
mined, then the photographer must have nuMxns for measuring the transmission of t.he 
most and the least dense portions of the negative. 

One means that has beam d(W('loped utilizes the photoc'hxd.ric type of exposure 
meter, so uscibd in estimating negative exposures. 

At» ordinary printing box or (a)ntac.t printer is Tised as the light soure.e:. It may he 
iK'.e.essary to put a photoflood l)ulb in it to get sufficioTit light for mea,sur(muuit })ur- 
poses. A mask is cut for the top of tlie: conta.e.t ])rinter. In this is (uit a, small lK)l(^, 

in. in flia.nud.er for t^xnanphu Over this hoU^ is phie.ed the portion ol tlu^ nc'gativc 
to be tested. The photoeh'cti'ie. exposure mot(u- is tlum placed on top of tlu' lu'gativc'; 
so that the light getting tlirough t.he hole a.nd tlu^ negative shines on a portion of the 
sciusitive disk near the edgea A grtaiter rea<ling will be obtained in this way t.ha.n if a 
spot near the center of the disk is clioscm. The printing light is turiu'd on, a,nd a. 
reading of the exposure met('r is ta.ken. Then a reading without the negativti is ta.kcm. 
The ratio of the rea,ding with ru^gative to the reading without negatives will giv(' the 
transmission. If a rcauling of 250 is obtaincui without the negative and 25 withtlu'. 
negative, the opa(*ity is 10 a.n<l tlu; transmission is 0.1 or 10 per cent. Ot course, 
the scale on the (;xposure in(;t.(;r must lx; calibrated in numbers whi(;h are proi)ortiona.l 
to the light int(;nsity if this m(;thod is 1.o bt; satisfactory. 

To d(dx;rmine the grade of pa.p('r that shoukl be iised, it is necessary to makt; t wo 
measurements, one of tlu; tra,nsmission (or opacity) through the densest port.k)n of tlu; 
high light desiri;d to be cornudly reproduced and <me through the thinn<;st portion of 
the shadow that, is to lu; corre(;t,ly r('produ(;ed. The ratio of these two transmissions 
(or opacities) will give tlu; exposure range recpiired if the paper is to repi-oduce the 
desired range correctly. As an example, suppose that the thinnest portion of the 
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negative represents and opacity of 4, and that the densest portion an opacity of 40. 
The ratio of these two quantities is 10. The printing paper, therefore, must bt 
capable of reproducing an exposure range of 10 to 1 to I'eproduce accurately the 
opacity ratio in tlie negative which, it is assumed, accurately reprodxices the brightness 
range of the' original subject. 

Many other schemes have been developed for measuring tbe transmission of light 
through a film in an endeavor to determine the opacity ratio or the density difference 
over the desired ])ortions of the negative scale. These may employ various forms ol 
comparisoti photometers; or they may pei-init direct measurement of the quantity o\ 
light ti'ansmitted tlirough i:he film. In the simplest case, a, source of light distinct 
from the enlarger illumination is varitnl, by an iris diaphragm in the lens, until tht 
illumination on the easel through the negative just mateduis the illumination on the 
easel from the external sourcui as d(d,erminod from visual examination. Then by tria. 
and error the exposure necessary to produce a good i)rint on a certain grade of a certain 
kind of paptir is determined. Once determined, this exposure will be the same und('r 
the same conditions. All that, is necessary is to hav(! sufficient adjustnumt of tlu^ 
illumination through the objectives to ciover all typers of tiegatives that will be printed. 
The eye is surprisingly accuirate in nuiking illumination comparisons of this 
kind.' 

A simple and iiu^xpensive device of recent devedopment is an a.da.ptation of the 
w(di-known grea,s(vspot photomcd.('r, A small l)a,tt(ny-opera,tod incaridesciOTit himp 
illumimites otie sich^ of a. s(vmitransparent piee(^ of material.' The image From tlu^ 
enlarg(U’ is focused upon (his scnaui, and tlie la,mj^ eurremt is adjusted by a. rheostat 
until the scinien illumination from the lamp and from the fotmscal image hav(^ the sanu^ 
l)rightnoss as vic'wcul V)y tlie jihotograplier. Tlie rheosta.t is (a-dibratiHl in tiuans of 
(exposure and contrast graihis of rnoth'ni papers. 

Prints for Half-tone Hngraving.s. — In tln^ Agfa Diamond, for ,buiua.ry a.n(l Februaiy, 
1938, Lloyd Va.rden, spiaiking of prints for repnxluction, stat(\s; 

“In (h'cnaising ordi'r of prefen'ina^ W(^ might list, iirinl. surfaces for nqiroduction 
purj)os(‘s as follows: 

“I, Black and while prints of uniform glossy nr sem iglo.ssy siirfaix'. 

“2. S(Mni-inatt<' or smool.li mat(.(‘ wbi(.<^ siirfaccss. 

“3. Bough or (('xlunal surfaiass.” 

Now i( is ((ui(i(' true, that among half-toiu' workers a. pi'cd'fM'ema^ is iiuule for ('itlu'r 
glossy, ferrot.yjx'd or unferroiyped, or smooth smnimattc pa,j)ers. (llossy prints, 
espeeially on pa.st.e-up jobs, (U’laatii umh'sirable ndliavt ions, a nd for (.his rea,son a rc not. 
so sa.(.isfac(<»ry for t.Iiis work as s(mlima.t.(.(^ surra.(a‘s. Ms[)<>eia,lly contra.sty n(ga,t.iv(\s 
are hc^st. priutcul on s(>miinatti' or smoot h mat te sur^a.(a^s, for i.lu^ Fmal repro(lu(d,ion is 
enha.need by ( h<‘ softening of contra.st diu' l.o t lu^ nia.K i^ paix'f. IIow(>ver, if a, nega l.ivi^ 
is of normal (xmt.fast, or of fla t <a)ntra.st, it is Ix'st, printed on glossy papc'r, and For the 
hitter instamx's, tlKU’eforc', glo.ssy surfaces cannot, be surpassed. Art. work, if lux'os- 
sary, usually caills for a siirfaci' oI Ikx' (luui glossy, hut (irint retouching is by no nuauis 
impossible on glossy pi-ints. Under all circums(.a.ii<'(‘s, t.inu' pmunitting, tlx' engraver 
should Ixi consultiul about, ( lx* proper surfa.ce, for lx* might ha.v(^ viu-y exiudli'iit. suggcis- 
l.ions t.o o1T(M', and (lie [ilml(»grai)lx*r also has an opportunity t.o (explain his n'ason for 
wanting to use a i)a,r(icular papi'r, 

‘ 'I'lit! followiiiK hihlioKi a pli.v will (litaaU. l.tx.? ( <> .H<>v<‘i'al .sourcaH of tlul u <n> honioiiiiulo pho- 

(.oHXttcrH, for this pui'p<j.s(*, lOMfxoatilly, tin* roiidcx' xtioiild ooiimuH. “ I’orffxX. I’riiit. (loolrol,” l).v 

Pawr*xi(:(> Hutton, (JalU'on, l‘.t:i7, 

(loLT, Raix’H S., Simple Mi*t.ho(l of Timing MnljirjJieiixmtH, .1 xi. Plml., .Vi)!!!, 11)38. 

BiiofiKMAN, Fiiank (i., I’lu)l.<>el('(U.ric yiminia: for Pr(),!eol.ioii PrintinjJ:, .■!/«.. Phot., Sei)t<xnlx!r, .1936. 
So(! also di.-HonHsion of this paiter by ttonald L. Ives, dm. Phot.. Septeiidx'r, 1937. 

WiciLiAND, W. I''., Fixpo.siiriHn f’rojecaioii Print iaa, .Am. Phot., .fuly, 19.3(1. 
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It has been a mistaken fancy among the photographic profession that engravers 
want contrasty prints. On the contrary, contrasty prints have black shadows and 
high lights of little gradation, which means that the engraver cannot possibly make a 
reproduction containing the detail which is more than likely in the negative. The 
engraver has little trouble in increasing the contrast of a print, but he cannot put in 
detail which does not exist. He wants prints that are black and white, but this does not 
mean contrasty. Prints of full scale, with plenty of detail and black and white tones 
are the most satisfactory prints for reproduction. 

In ordinary half-tone reproduction black-and-white prints are most suitable. 
Whether the actual color of the black should be an olive tone or a blue-black tone is 
mostly a matter of preference on the part of the engraver. Generally speaking, 
though, a good blue-black or neutral black is preferred. Red proofs or sepia prints 
are not so good as black-and-white prints, but sepia prints are more satisfactory than 
red proofs. However, if red proofs or sepia prints must be submitted, the situation 
which demands it should be explained to the engraver in order that his full cooperation 
can be secured on the job. Monocolored prints of this type should never be placed on 
the same panel with black-and-white prints, and black-and-white prints in themselves 
should be of uniform tone. 

The success of producing good half tones from photographs resolves itself, ther(!- 
fore, into correct selection of surface, color, and contrast. If that, be doiu^, tlu^ 
engraver will have little difficulty. 

Printing Control Prbeesses.—In this section are discussed several control methods 
frequently used in projection printing to obtain special effects. 

Dodging, Masking in Projection .—Many times a negative will produce a. Ix'ttm- 
print if certain portions are exposed more or less than other portions, so that t he final 
print has a more uniform density, or so that one portion is lighter or darker than t h(‘ 
other portions. Local reduction and intensification {q.v.) may be employcal. In the 
printing process certain control methods are available which may produce the d(!sir(‘d 
result without making recourse to corrective processes. 

If one portion of the negative is to receive less exposure in printing than other 
portions, the light from the enlarger is kept from exposing the paper in these portions 
by use of some opaque object, often the operator’s hand. A portion of a print may 
be made completely black by illuminating it, while printing, with a small flash lamp 
or other source of illumination. 

If one small portion of a negative is to be printed deeper than the I’oina inder of t he 
negative, a small hole may be cut in an opaque material and moved about in the light, 
from the enlarger so that all portions except that which is to be dark nn-eivc' less 
exposure than the selected portion. On the other hand, if one portion is to renudve 
less exposure than the majority of the print, a small piece of opaque material of t he 
proper shape and size may be placed in the beam from the enlarger and movtal a,bout 
so that a sharp edge between light and dark parts of the final print do<^s rmt. n^svdt. 
This opaque material may be moved by fixing to it a small wire handle. 

If the dodging tool is made of red celluloid, the photographer may wabdi tlu': <mt.ir<^ 
image on the printing paper and thereby better perform the dodging, but the bhu^ 
rays to which the paper is sensitive will be stopped by the dodging tlevice. 

Practice and trial and error are tin; only means of debu iuining wind,her tlie propeu- 
amount of dodging has been s(M‘ured. 

White borders around print,s are seeux-ed by masking the edge^s of t he negut ivn*, or 
print, or both, so that these edges are not exposed. A sharper edge will be obtaiiuHl if 
the mask is placed over the printing paper, rather than if it is placed only ovxu- th(^ 
negative- 
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Black borders around prints are secured by trimming the negative so that only the 
picture arcui, is left. The printing paper is somewhat larger than the image, and the 
negative is not masked. The edges of the paper which are fully exposed will become 
full l)lack in the developer. 

IHffusion. Pictoi'ial and portrait prints are frequently enhanced in appearance by 
printing the negative through some diffusion medium, such as a piece of thin silk, 
liium, (itc. If the material is laid on the paper during the exposure, the textxire of the 
matcu'ial is impressed upon the final print. If the material is interposed between the 
printing paper and the lens of the enlarger and kept in motion during the exposure a 
gcuuu’al lack of definition or diffusion of the image resxilts. The amount of diffusion 
(hqxends xipon tin; position of the difixising medium with respect to the printing medium, 
ui)on its motion during exposure, upon the wcxive or mesh of the diffusing medium, etc. 
Tlu' desired result must be a.tta,incd by trial and error. 

“Printing-tn” Clouds, Etc .—It is desirable, at times, to add clouds to the print 
mad<‘ from a negative in wlii(!h no clouds apixear. This is typical of another control 
prex^ess in which experience is the best teacher; only trial and error will enable the 
{)lH)togra.ph(U- to determine Ix^st conditions for the printing-in procedure. 

In gx'ncral, adding cloud.s f)r other material without going to the intermediate nega- 
(ive i)ro<^ess is carried out a.s follovws: The picture shoxild be fairly well divided between 
foreground and .sky. Let u.s suppose that the foregroxmd is printed first. In exposing 
Mh^ print, tlui sk,y is (>.ov(u-cd with an opaque mask so that no light gets to the sky 
portion. Aft('r the fon^ground exposure is complete, this portion is protected from 
further (‘xposurc!, whih^ tlui cloxids from another negative, carefxilly placed in the 
(‘nl!i,rg(!r or fxrinting franui, are allowxHl to (>xpo.se the sky portion of the print. Proper 
(‘xi)OHur(^ of <'a(di portion t.o [xroduce the desired den.sity must Ixe determined by 
(‘xpc'finx'ni. 

If tli(' .sky line is not stra.ight or if trxaxs or otlun’ objects protrude into the .sky, 
tin* ixroct'HH i.s sonuavhat mon^ inl.ri<^a.tc. If the protruding (dement will print (pute 
(lark it may Ix^ ignonsl b<x’}ui.se the cloud may then lax expo.sed on top of the protruding 
object wit hout .showing owing to the gr('!i.t(xr dcxn.sity of the objexet. But, if the objexet 
will be light in (hmsily in the finid print, p<!rha])H of tlie same (hxnsity as the cloxids, 
t luai gr('at (xr canx must, lax f,a.k(>n. An out.litux of the xmxtliod i.s a.s follows: 

h'irst firoject. on flax (‘used thix lower, or (xloudl(x.ss, part ()f the picture. Make expo- 
suri' {(‘sts unt il I lu' desired jirint dixnsity is secunxd. Miike notex of this exposxirc. 
Now proji'cf, lh(' (doud iK'galivix on tlax (xa,s(xl and (hxtixrinirux proper exposure timix. 
hdiudly ma,k(x llnx fon-ground (xxposure by cutting up the prelindnary (xloxid print .so 
t hat only tin' (douds renmin. Rxxniove tlnx jirotruding objixcts from this (xloxid print, 
and hold t his print., luonx or le.ss cut to th(x sluiixx of the cloud outline, .so the sky 
portion of tin* timd print i.s Indd ba.(d<. in (xxposunx. 

Now t rim t h(' lost print, made from ( lux fon'ground n(xga.tiv(x, lea.ving in the ixrotrud- 
ing ohjei’ts, and (>xpoH(x t he upp(xr or sky pa.rt of t.lux (inal jxrint. 

All I his .sounds <>a.si(>r t han it- i.s in [irnid ic(x. It is diffiixult to a,void limx of demarka.- 
lion laxtwcmi sky and fon'ground. Oinx should hxarn tlnx jxroeedunx by using ncxgatives 
in whicli till' sky line i.s fairly straight and in wliich t.lu'nx are no {xrotruding objects, 
l)roc(‘('ding then to more comj)lie;il.('d snbjcct.s. Tlu' n('ga,l.iv<'s which arc ('a..si(xst to u.se 
aix' those in which clouds do not. go clear to tin' hori/.oii but. I('av(x a short gap laxtwaxxxn 
cloud !Uid horizon. 'This gap may lie used to bridge over t lnx n-gion bel.w<'(xn tnxe tops 
and (he point, wherix (In' clouds iin' to npix'nr in (lux (imd pietunx. 

'rrue (iholo inoid jigc'S are iinuh' in ( his manner, .-dlhough sevcxral lU'gatives nmy lax 
imnle to pnxliici' ( lux li'ii.'d jirint.. Accurattx a.n(l (xa.rerul work is neee.ssn,ry to detixrndne 
llu' printing time of each in'gat i V(',so lliat viohxnt ehislu's in print density do not oixcxir: 
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SO that all parts of the paper, except that which is being exposed at the moment, are 
protected from exposure; so that the exact position of each portion is determined and 
under control. 

Many so-called montag-es are merely “paste ups” in which portions of several or 
many prints are cut to shape and pasted together to form some sort of pattern. The 
true montage is much more difficult to do. Often two negatives are printed so that the 
print from one overlaps that of the other. There are other modifications. 

Correction of Distortion .—By tilting the easel upon which the printing paper is 
placed for exposure, certain distortion occurring in making the negative may be 
corrected. Conversely, distortion may be produced by tilting the easel when printing 
from a normal negative. If the camera has been pointed upward when xnaking a 
photograph of a tall building, the lines of the building will converge toward th<5 top. 
If, now, the easel is so tilted that the lines of the image tend to diverge, toward the top, 
the lines of the building in the print may be parallel and therefore neither cionvorge or 
diverge. 

If much correction is to bo performed in this manner, the tact that one jiortion of 
the paper is further distant from the lens than another must be taken into acicount, and 
the nearer portion should Ire given slightly less exposure. 

By distorting the shape of the planting paper, as by holding the edges, or tlu^ center 
away from the easel, queer distortions of various sorts may be effected. 

Processing Prints.—Development serves the same purpose in rna.king positive 
lirints as in making negatives. The exposed silver halide must be (a>nverted to 
metallic silver; then the unexposed silver must be disposed of so that the print will be 
permanent. Developing formulas recommended by the manufacturers for usc^ with 
their papers may be doptaided upon to give excellent results. For consistent results 
the proccu:ising conditions (temperature, dilution of stock solution, age of clcvelopcrj 
must lie c.arefully c.ontrollcd. 

Positive prints a.r(i usually developed at 70°F. and the tempera.tur<^ of the <“onven- 
tional developers should not Ix^ allowed to vary irmrc than a. few degren^s Irom this 
tompeu-alure. D(ivele)pcr shoulel be freshly maelc; exposure conelitie)ns shoulel b(i 
sta,neia.relixed. 

'^riuxjriens e)f dev('l()|)m<mt will be^ fenmel in the (vhapters e>n Dcvelopimmt. In 
this chapten' e>uly tiui more i)ra.(d.ica.l !i.spee*.ts of develeiping I)re)e^ee^ure^ will Ix^ 
elisenissexl. 

Contrast Control. —4’lie coutrast of a paper print elepenels largely upon the gni.de 
e)! tli(i paper that is ein])loy<Ml. It alse) eDpeniels to se)ine eixtent upon the^ ce)nditions of 
proce^ssitig. 4’his is particularly true’: of bre)mi<le'. papers. For highe’:st (X)ntra.st the 
pa.[Kn’ must be adexpuite ly <uxpe)se<l a.nd fully elevedoped. If, for any renison, a. print 
ba,ving le’ss <H>ntrast is (h’sinxl, t he print Tuay be removed from the devvdopen- bed'on' the 
full denisily in the; sluulows has been uttninod. 

Print.s taken from th(‘ developer l)e^'fe)re> a. minimum eievedoping time (Ihg to 3 min. 
for pre)jex’,tion |)a.p('rs) will hick (x>ntrast, lack eled.ail in the shade>ws, a.nd will be* peior 
in te)ne. Oveu'cxposurf^ and imderelevedopinent pre^duce flat prints of poor (X)le)r. 
Unelerexposure or (>v(’rd(’vc‘le)p!nent is likedy to produce fogged prints in whi<d> detail 
and ee)n trust are hicking. 

Dxposure Daliltulc. —Al, oix^ t.inu! it was felt that a elesirable pa].)en' 'vvas one^ whie;h 
liad a soft. gra,(la(.ion (low gamma) with short de’ivelopment aiiel a stexqi gra.elation 
(high ga.innui) wii.h a. hjnge r devedeipmemt.. Such a paptjr woulel have the> charaetei'- 
isties e)f a. negative (unulsion, ga.uima ineu'easing with increjasing developrueiit time. 
Sucli a. paper luul limitexl ('xposure? latituele, fe>r the same character of print, but gave a 
supposed increase in latitude for taking care of negatives of varying degrees of con¬ 
trast. Sindi a. latitude was at the expense of print color. 
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Nowadays the photographer controls print contrast by the use of a particular 
contrast grade of paper. Figure 12 shows the characteristics of a modern printing 
paper (Velour Black), indicating that print character will be the same for varying 
degrees of development time. Thus a longer development (short of fog) will produce 
the same gamma as a shorter or normal development time. Such parallelism of the 
characteristics for varying development time indicates a desirable quality. The 
photographer liafs a certain latitude in making exposiires. 



0.8770 1.239 1.764 2.477 3.508 4.966 6.998 9.908 14.03 19.82 28.05 39.63 56.10 79.25 

Meter Candle Seconds 


12..- FlTi'ct of varying dovtdopnuMit time of a modern projiMdioii paix'r. Note 

that tile (M)ntraHt. of t.lie final jirint is the aatae whether develoix'd for Ij-i or 4^2 min. 

tlu^ (OirveH ur«* disphiixMl, a variat.ion in devcdopinfj; tiiia* may u.stxl to provide’ a 
certain (leKr<'e of lalitxidi* in exi>o.s\ir<'. 

Tone Control. By varying d<‘V<^loi)numt tcarhnicpio of chlorobroniidf^ |)ap('rs, 

c.onHidera.bl(^ va.ria.iion in toiu' may l><^ cdT('ct<ul. tSilvea* patii<*le.s, wIhmi .small, exliibit 
color. "I’hc' fir.si, pa.rficl(\s d(“v<'loped lire tlu'si' small coioTV'd pa^(i(*l(^s; longca' (l(V(dop- 
immt produce's la.rg('r and blacken' grains. The final color dopi'nds ui>on tlu; ])roportion 
of the coIonMl grains to (he larger black grains. ''Phis pro|>()rtion is controlled by the 
amount of po(a.ssium bromide useal in the dtweloper and by (lu^ (inu^ tlie 
ill the developer. 
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An idea of the color changes that ntay bo effected nuiy bo obtained from lablt^ VI 
below, taken from Ilford's Manual. It is applied to Ilford Chlorona paper whitdi is a 
typical chlorobromide. 


IDuVIflliOl^KR Formxjra 

Glycine. 

Hydroquinone. 

Sodium sulphite. 

Sodium carbonate. 

Potassium bromide. 

Water, up to. 


FOB lUFOKD ClUA^ltONA. PAIUdU 


(K) tr,* 

60 m'- 

2^2 o:«. <i2.r> p:. 

4 oz. 100 

6 0. Hf) fij, 

20 oz. 500 ett, 


TabijE VI. —Color Control Table for Above Uioveloi’KU 


Color 

Exposure 

Developer 

dilution 

1 

PotaHsiuin broiuidcs 

10 per cent, pov oz. 

I><'V(4op(*r (iine, 

nun. 

Warm—black.. 

N ormal 

. Full strength 

N one 

Vi 

Sepia. 

2 times 

5 times 

20 inininis 1 <^c. 

5 

Warm sepia... 

3 ’ 

10 

()0 3 

10 

Red brown. 

4 

15 

100 r> 

15 

Red. 

5 

20 

120 {) . 

20 


To secure “warm” tones, i.e., black mixed with brown, the amount of bromide is 
increased and the exposure is increased. If the exposure is not in(n-(*n.s<'d, t h<‘ final 
print color will be the same as if the print had been developed in the! .solut ion wit h less 
bromide, but it will take longer for the final color to be attsuTU'd. 

Slow papers will respond more readily to changes of potassium broinid<‘ than the 
faster papers. Changes of tone should be effected by varying the amount of l)romid(i 
plus the variations in exposure time, rather than in merely varying t lu^ titiu' in thi' 
normal developer solution for various exposures. Ine.reascHl (Lxposina^ and under¬ 
development in a normal developer will prodxice warm tones, hut t he shadow detail will 
be poor, the shadows will not be black, and the print will not Ixi utiifornily colored. 

Modifications in Development .—Although the formula,s r{‘c,omm('nd(‘d by t h(> manu ¬ 
facturers are to be followed wherever possible, the following effe(d.s of changing 
formulas are to be noted in case unusual conditions are met. 

Increasing metol and decreasing hydroquinone inak(‘B .soften- prinfs. H<wi‘rsing 
these changes produces gre^ater contrast and brilliance. 

Additional carbonate in the developer increases (hw'cloping athion ami yic-lds 
black tones without an olive cast. Less carbonate gives soft(>r ri'isulf s and slows up 
developing. 

To increase contra.st, increase hydroquinone and carbonaf.e. h'or h-.ss confr.-isl, 
double usual amount of ivietol, halve tin; hydrocpiinorK^, a,nd liaha- tin- <atrl>on.->tc. 

Increase lu-oinide to slow development, to decrca.se fog, to clear high lights, l.o iuld 
warmth of tone. 

Typical Print Developers .—The chaptcu's on Dev(4oi)ment (aaifain nuni<'rou.s 
developing fornuda.s for ])apei-s. The foi-rnulas on i>age 4-13, how('V(U-, a.r(^ f.ho.sc- sug¬ 
gested by manufacturers whose papers are wid(dy used in this ct)un(,ry. 

Inspection during Development .—Under a red- or yelhnv-printii»g sah^ light., if is 
often difficult to judge print color correctly. Prints a,pp('a.r darker under t lu' sab- light 
than in white light. It is wi.se, therefore, to fi.x a test print and to insp<M‘(, it l)y whh(^ 
light to determine if it is sati,sfa,ctory. Another expedi(mt is to use a green .safe lighf. 
(Wratten Series OA). Under this light the prints will apptau-Tnor<^ like tlu-y will umli-r 
white light. (For safe light for <;ei-tain papers, see chapter on Darkrooms and Dark- 
jeom Practice.) 
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Table VII. —Defender Formulas 


i 

Artvira 

Iris 

Apex, 

a 

Apex. 1 

b 

Velour 
Blacdc. a 

Velour 
Bla<d<. d 

Veltura 

Hot water, oz. 

IG 

32 

32 

40 

40 

16 

Metol, gr. 

22 

15 

14 

15 

20 

22 

Sodium sulphite (dry), oz. 

M 

Vz 

192 gr. 

H 

H 


Hydroquinone, gr. 

90 

(50 

1 52 

60 

60 

90 

Sodium carbonate (dry), oz. , . 

H 

U 

365 gr. 

yi. 

3 

/'4 


Potassium bromide, gr. 

10 

9 

4 

0 

1 

20 

10 

Cold water to make. 

32 





32 

Dilution. 

1-1 


1-2 




T ern perature, F. 


70 

65-70 

70 

70 

70 

Developing time, sec.. . . 1 

45-00 

4.5-(50 

45-()0 

min. 

, . . . 

lyi min. 


a. Norinul 
h, Photo finishin^^. 

<;. Use for Apex portraits. 
d. Fast development. 

Table VTTI.—Kastman Paper Developers 



Cddorobruruitie 

Cleneral 

Idioto 


olive 

tones 

puri)ose 

liuishiiig 



D-7\ 

D -.72 

D-7Z 

■. ... ' ' ' 

Water (12r)®F.), oz. 

Hi 

b) 

H) 

16 

Elon, gr. 

22 

12 

45 

40 

Sodium Hidphite. 


350 gr. 

1 t.j oz. 

1 oz., 140 gr. 

H y d r o< 1 u i u 0 n (\ g r. 

90 

()4 

175 

1 55 

Sodium carbonate. 

1*2 

175 gr. 

2 y.i oz. 

2 - 1*2 oz. 

Potassium bromidt^ gr . 


32 

27 

12 

Water, oz. 

32 

32 

32 

32 

Dilution. 

a 

/> 

c 

d 

Athenou... 


()j 




a. Dilute 1 to I. To ea,eh .'^ 2 -oz. dilute' <i(‘v<*lop(u’juld ‘ 2 <>f Id potasHiurn bromide. 

h. Dilute^ 1 to 1. I)(*v(*lop I to '2 mill, 
r. Dilut.i^ 1 to 2 f<jr (diloii<l<‘; I to 1 for hroniidi*. 
d, I^ilut e 1 to 2 . 

Taiu.e IX.- A(jfa Devebopeus 



Vd03 

120 (/^- 20 ) 

125 (/^-5) 

135 ( lK-5) 

M etol. 

5 1 gr. 

‘ 1 oz. 70 gr. 

4 5 gr. 

U l Kr. 

Sodium sulpbit.ii (anh.N'drous). 

1 <>/. .M) ixv. 

I oz. 88 gr. 

1 '-2 

4;| OZ., 20 gr. 

H yd rrx 111 inoiin . ,. 

bt OZ. 55 gr. 


> j oz. (>.5 gr. 

9ti gr. 

Sodium <uirbona.tn (monohydratcMl) 

2 ' -i oz. 35 gr. 

1 oz. 88 gr. 

2 * .1 oz. 

b.£ oz., 20 gr. 

Potassium broinidii. 

1 8 gr. 

27 gr. 

30 gr. 

40 gr. 

W at(u*. 

32 oz. 

32 oz. 

,32 oz. 

32 oz. 

Dilution. 

I I'' I-"4'* 

12 

1 ... 4 

1-1 

Temperjitu r(‘... 

70 

70 

70 

70"^ lb 

Developing tinn*. 

1 niin,'^ 1 I -i 2 ^» 

1 * *2 3^' min. 

1 3^' min. 

1 * 2 2 ^' min. 


« Convira. 
Broviru, 
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When working with prints which are to have one of the warm colors, the correct 
tone is still more difficult to estimate under safe-light conditions. Therefore a. small 
bulb, of perhaps 5 cp., may be used to make a quick inspection to see if the desired 
color has been attained. 

It must be remembered that color, density, and (iontra.st a.re d<’:tormined ))y tb(^ 
developer formula and its age and temperature. 

Prints often change color in the fixing bath because, before fixation, print (H>lor is 
controlled by the combination of black silver and of unexposed, iiTidevcdoped silver 
halide which is light yellow. Upon fixation the unexposed emulsion disappears and 
the shadows of the print will be blacker than before immersion in the fixing bat li. 

Short Stop, Fixing, and Washing .'^—After the print is thoroughly developed, it may 
be placed in the fixing bath, then washed and dried. An acid I’inse bath may l)e! used 
between the developer and the fixer to stop development and to insure that the print 
will have uniform color. The acid rinse neutralizes the alkalinity of the dev(4op(n- and 
prevents the acidity of the fixer from being neutralized. It prolongs tlie life ot (lu^ 
fixing bath. Prints may be kept in the rinse bath until all are ready, and then all put 
through the fixing bath at once. 

Prints should be left in a fresh fixing bath for about 15 min. It is most important 
that their position should be changed frequently. Prints matted together a.nd le;it 
stagnant in the bath will lack permanence. Best I’esults are secured by the use: of two 
baths, one partially exhausted for preliminary fixing, and one made up fresh for final 
fixation. 

The acid rinse between developer and fixer will aid materially in i)rolonging (lu! 
usefulness of the fixing bath. For example, the Eastman Kodak F-1 fixing solution 
will treat 120, 8- by 10-in. prints per gallon when the SB-1 rinse is us<h1; but only half 
this number without the stop bath. 

Washing is equally as important as any part of the printing process. The gc'm'ral 
tendency to throw the ijrints in a tray or stagnant pool of water and to stir tluan up 
occasionally is not satisfactory. Prints should la; run through numerous changt'S of 
water, and the order of prints from top to bottom of the pile should la; changed 
occasionally. Prints on heavy supports napiin; longtvr washing p(;rio(ls tluui singh;- 
weight papers. 

Wiioirr Stop (Eahtmak BB-1) 

Water. 

acid (28 per .. . .. 

Thiw Im Huiticieiit for lOd, 2 ’ .i ]>y prinUs, 

Actu I1akdwnin<i Kixinu Haiti 
(lOiiHtnuiii 1 Jiiul Doftoider 2-1'') 


Water... (>4 oz, 2 L 

Hypo... 1() oz. 4 80 

When cornplei<‘]y diBwolvod add 

WuU'r (ubout 125° K.) (52° C',.). 5 oz. 1(>() ec. 

Sodium Sulj>hit:e (df^HifTiated). 1 oz. 20 jj;. 

Acetic Acid (28 per (uoit purt*)^. 0() <t*. 

HotnwBiuin Alum. I oz. 20 


^ d\> iruikc 28 per (!erit licetic iKUtl from lutetic a.<Td, dilutd‘ 3 parts iicid with 8 

I>artB water. 

To mix th(' hiirdcMK^r, disHolvT^ tlu'. (‘.homi(*.a.ls in th<‘- ordcd* Th(‘ sul[)hil<‘ 

should he dis8<jlved completely hel’ore addiuf.*; th(^ a,(udi(‘. a^hd. Aft(o* th(' snlphih*- 
acid wolutioii lia.w lieen mixed thoi'ou^-hly, add the potaswium alum wil.h (u)nHtatit stir¬ 
ring. Cool thc^ liardoner, arid a<ld it- slowly to the cool hypo solution whih^ stirring 
the latttu* ra,pidly. 

1 Bee Chapter on Eixin^, Wjiwhiufj;, and OryinjL^. 


22 oz. 1 1, 

1 oz. 48 cc* 
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Whe n ..i nuiiihu of prints die hxed at one time, they must be separated occasionally 
to insure even f-.xmg, and in hot weather they must not be left in the solution for a 

to fix them, as a warm bath mily turn them brown. At 
all times have plenty of solution, preparing and using fresh bath frequently. The 
al-)ove fixing solution, prepa.red as described, will fix approximately 275, by 63^-in 

f if an acid short stop (SB-1) is used, or about 

22()j o 4“ by o prints it only a \va.tor rinso is used. 

Prints may Ik* driotl in smmral ways. Mechanical devices are available which act 
fairly <iuickl^ and produce pr-ints that lie flat when dry. These machines consist 
usually of rolls of sonic aiisorlient material, such as blotting paper, between which the 
prints arc placisl. aiu-ri hot air is lilown through the assembly, or the entire stack of 
j)a|)cr, aiul tlie blotttu- is luaitcd liy electricity. 

Pi inf s may Ik' laid on t op of chccseidoth frames after they have been squeezed free 
from the «urliu*e wnter. Altcuniiitely, tlie wet prints may be wiped off and tlien placed 
in n, HtiU'k ol blotters uiKkn* wesght. Prints dried in this manner will tend to curl 


bec ause^ ol th<^ inuHiual ca)ntira(d.ion oi the gelatin surface and the paper support. 

Imm(>ising piints in a* glycerin solution before drying (or after the dried prints have 
< inl(Hl) will aid in kei^ping t-lunn Hat. Prints that have curled may be straig'htened 
by nioisticming ttie ha,(‘k8 a.nd immediatedy putting them l^etw^'cen blotters and under 


\v(dght or in a me(*ha,ni(*a,l i)ross. 

(Sreaivr dcdnils on fixing, wa-sliing, and drying will be found in Chap. XIII. 

Mounting. ’‘-I rints may be mounted wdth several kinds of adhewivci (pastes, 
hut' most photograpIuM*s stan(la.rdiz(Hl upon dry mounting tissue, fl^liis is a 

;s(‘initrarispansiti tissue whi(di is impn^gnatod with sul)stances which molt easily and 
firmly (•(nrunit (<)get h<*r thc^ print a.nd its mount. I'*or satisfactory results, large prints 
{.)ra<d ically r(‘<|uir<^ a, mounting press, with heat apj)li(Hl electrically, but even an 11- by 
I4~in. print, may l)e mounted on a. salon-size ca.rd (lb })y 20 in.) by means of a fhitiron. 

Mount ing t issia^ a, bit la,rg(u* tlian tho. print is a,tta.ched to the l)cick of the print nt 
♦s<w'(M'al j)la(‘(\s by using t,h(‘ tip ol t-lu^ iron or a spcuua,! tool providcKl for tlie ])urpose. 
dduui print ami tissu(‘ i\ro trimimal. N(‘xt th(^ iirint a,n(l tissue are carefully placed in 
position u[)<>n th(‘ rnoimt,. With tlu^ tip of the iron, or with the tool, the tissm^ is 
(Huiuuit( m 1 to I lie mount a( H(*V(‘ra,l j>la,<a%s by lilting up a (airm^r of the |)rint giving acaa^ss 


to t h(‘ tissiaa finally th<‘ [>rint. is pla.caal in the mounting press or is gone' ov<u: w'ith 
t he (la t iron so t hat it is firmly fixeal to its mount. If the flatiron is used, it is W'ise to 
(a)V('r th<‘ fa(a‘ of th(^ print, w'it h a, slnad. of [)r<)tectiv(^ p^i-por. 

Cornad t,(uni)era( un* is imporla.nt. If t-h(^ iron is too hot, the tissue will adheu-e to 
t h(' mount hu' not (o th(‘ print ; and if not hot (uiough th(^ tissia^ will sti(d< to the print 
but, not to t h(‘ mount. It, is possible^ t-o stain*[i tli(‘ j>rint so that it will turn brown or 
y<*lIovvish, A good working t,(*nip(U'a.f,ur(' is 14()”h\ 

Color of MoiuiL It, is taisy to spoil (he apfauinince of a,n execdlent print by tlu'; 
us(‘ of a, mount of improptu' tlimtuisions or of w'rong (a)l<)r. ddiere arc^ few^ prints that 
do not look \v(‘ll on a, Iighl-(‘olonal mount, (wdiite or (‘naun); Ihovo are many that wdll 
look bad on anything luit, a, light mount. A light-colortal mount is muirly alwaiys safe. 
If 1,1 h‘ mount has an>: appnauable (‘olor, it is liktdy that it will apjxair mon' important 
t lain t li(‘ print. 

Salons pr(*l(M' Kb 1)\' 2(bim mount.s; t-lu^ pitd.ina* should Ix' j)la<*(‘d so that there is a, 
lit t l(^ tnor(^ spa,(*(‘ 1x4 vv(‘(ai top of print, a.nd top of mount tluin ther(^ is lxd,\v<ani t.h(^ sides 
of [.irint ami mount ; t hen* should b(* i<.‘ss spa.<a) at the top than at the bottom. A small 
print, may look lx\st in a. ratlxu* hirg(^ mount. 

()ft(m a print which is light in genera.1 tone* nuiy lx* enha,n(‘(*d in appearaau'e by 
mounting it first on a, pi(‘<*(‘ of l)la<‘k pajier, so that about 's in. of the black proj(*c1s 
l>(*yon(l t.lu* limit.s of tlu^ print, th(u*eby framing it. Th(*n the print and its black franu*; 
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are mounted on a light cardboard. A thin black line drawn about in. fron^ the 
edges of the print will often serve the same purpose. 

Embossing Prints .—‘^Prints which have a die-sunk line embossed around the edge 
of the picture arc attractive and easily made. Any double weight papcu- is suitable 
for embossing. 

“The prints should have wide white margins; and standards of size should bo 
adopted, as a mark and form must be made for each size. The embossed line for a 

|--—---- 1 print, say 6 by 9 in., on an 11- by 14-in. sheet of 

paper, should be about in. from top and sides of 
the picture image and % in. from the bottom, mak¬ 
ing the erhbossing form 6M by 10 in. The form 
should be the same thickness as the print so an old 
print may be used for this purpose. 

“Cut it 6®^ by 10 in. and then draw a line % in. 
from top and sides and in. from the bottom, as 
shown in the diagram. Cut out the corners as 
indicated by dark triangles. These openings art^ 
to locate the corners of the print when adjusting 
the form. 

“A square of plate glass with a light beneath 
makes an excellent embossing table. Place the 
form on the plate glass over the light. I^lace the 
print over the form, locating the coriu>rs of 
the picture in the triangvdar openings. Hold the 
print firmly and run a print embosser [availnbk^ a.t 
photo supply stores] over the back, following the 
edge of the form. If the pressure of the emboss¬ 
ing tool is even, the result is a distinct plat(vsunk 
that adds to the print’s attractiveness. 

P^i^ts are embossed, their backs should be moistened evenly to t lu' edg<'s 
with a solution of equal parts of wood alcohol and water. They should then b(j phic.cid 
between blotters under pressure. If not allowed to become bone-dry, tire prints will 
lie Hat and emboss without cracking.” (Eastman Kodak Co.) 

Paper Negatives. Exhibition prints are frequently made by the ^^papru' negativi' ” 
process. I his consists in making a positive print from the original lU'gative, making 
an intermediate negative lioin this positive, anti making thti final positiv''(^ from this 
negative. The advantages of the method over straight negative-to-posi(iive printing 
are as follows. (1) Local work may be periorined on both the first positive and th<‘ 
intermediate negative; (2) certain objects may be added to or subtracted from th(> 
print that either do not exist on the original negative or which, if they do (exist, 
detract tiom its composition or are otherwise objectionable; (3) the int(M'nuMjiut(' 
negative may be larger than the original negative. Therefore a large (‘()nta{h-pa,p<‘r 
print may be made on jiaper so slow that a projection print from the original, and 
smaller, negative would be impractical. (4) The texture of the paper on whicdi t he 
intermediate negative is made may appear in the final print. 

The process is as follows; 

1. Make negative on paper, either from a positive print or direct in the camm'a. 

2. Make corrections on this negative. 

3. Make final print from this negative. 

Or as follows; 

1. Make positive on paper or film from negative, by contact or by projection. 

I Sp-cftllect because ttie “intermediate negative” is usually made on a paper rather than on a lihn. 



Em. 


-Method of 
mounts. 
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2. Make corrections on this positive. 

3. Make paper negative from this positive, and make corrections on this positive. 

4. Make f.nal positive print from this negative. 

Direct Paper Negative .—In this case paper instead of film is loaded and exposed 
in the (!amera. A fast single-weight matte or glossy paper may he used. Naturally 
the exposure will be longer than if a film negative is to be made. Experiment will 
determine the correct exposure, which, for bromide paper will be about twenty times as 
long as is required for average speed film. A soft working developer is recommended. 

The exposure should be ample to register details in the shadows; development may 
}>e a bit longer than for normal print development. The negative should look some¬ 
what overdeveloped. The negative should be fixed and dried carefidly so that no 
creases appear. A trial print may be made from this negative, to determine what is 
to be touched up on the ncigative. 

Paper Positive .—By contact or by projection a print is made from the desired 
negative on a semigloss or glossy single-weight paper. The print should be the size 
of the final print. If the exposure is made through the paper support, the grain of the 
paper will be minimized in the final print. This intermediate print may look Idottdied 
by reflected light, but when viewed by transmitted light, the mottle of the paper 
support is not nearly so evident. 

The positive shmdd be overexposed somewhat and must l>e fidly developed. Prom 
this positive the paper negative is rnarle l)y (iontact. Tin; final positive print is made 
by contact with the paper lu^gative. 

Handwork may be ca.rri(Hl out on both the pap(u- positive and tlui paper n(^gativ(^ 
made fi-om it. If something is to l)e added to tlie final print which does not (^xist in 
the original negative, it must lie sketclunl in on the positive with soft pencil or with 
retouching material worked on with a chainois. 

Film Positive .—In this case the positive is made by proj(^ction or by conta.<d on a. 
film. A matte-l)ack film is preferred because the rcitouehing ma.y be madc^ on the 
back. Exposure must l)ti full, l)ut <,lev(^lopment sliould be shorteiUHl to k(H>p c.ontrast 
down. Dust specks and otluu’ flaws must be kept to a minimum if the po.sit.ivc; is to 
be enlarged in making the intermediate negative. 

TrUermediate. Negative .—This negative may lx* imule on ordinary printing pap(n-H or, 
bett(^r, on the transhuxmt papers now Jivailabhi, such as 10astma.n ''rranslit<^ or 
Defenchu- Adlux. 'Tluise papc'rs ha.\*e <unulsions on l)of.li si<les. The n(>ga.(.iv(' must Ix^ 
fully (^xpos('d but somewhat und<u-dev(^lop(‘d l,o lu-ing out bigli-light d(da,il a.nd to k(xq) 
shadow d('nsity down. For 'Translitcf, as an exa,mpl(*, the negative should Ixi dtwelojx'd 
about 45 s(X‘.. or 1 min. 

Paj)er fiber does not show on this ne^gaf.ivc^ when it is vnhiwcxl by transniittc'd lighf.. 
As the light passt^s through th<? ])a.i)er stock and <^xpos<!S tlu^ l)a.<dc (unulsion, t he i)a 4 X“r 
fii>erH t('nd to c.a,nc<*l iluur image's on the l>a.ck (unulsion. I'luj i)a.per shovdd Ix^ lai<l 
down on black pa,p(‘r wlxm tnaking tlie (^xposun*. 

Th(i erdargcul paper m^gative, wlum nnuh; on the semitra.nspa,r(mt ma.t(*rials uk'h- 
tioiuxl abov(i, ofbu’s (^xcc'lhuit oi)porl.unity for Inuidwork with h^a.d pmic.il, charcoal 
ixmcil, or chainois staunp diiiped in powdi'ix'd charcoal or l(‘a.d piaicil dust. 4'fic 
lu^gative should not be oihxl whcm making 1h(^ final iiositivx^ print. 

Photo Murals.—Murals am* erda.rg(*men(s of <a>nsi(h‘ral)1<^ size whiidi are usually 
made in seibions and moiuif.ed on f he wall from which tlu*y ar<^ to be vii^vvial. Prinllng 
paper is available: 42 in. wid(* by 10 ff,, long so thal. fairly la rgi* s(*<“tions ma,y*b(i nuuh^ at 
one tinu!, provid(*d oiu; has tlx^ (xpiipment in which to de\x*lop, fix, and wash the 
individual strips. 

Techni(}U<^s differ among (lu* imlivudual mural (‘xpi'ils. Orn* professional pliotog- 
raphor, who has nuuhi many of the liest known murals, us<‘s a, -1- by o-in. n<“ga(iv(* as 
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the original. This is projected to make a glossy 11- by 14-in. print. This print is 
spotted and is rephotographed on an 11- by 14-in. plate. , The final “blow up ” is made 
from this plate. The final sections are 40 in. wide and are developed in D-72, diluted 
1 to 6 and kept at constant temperature. The prints are then mounted on three-ply 
wood. 

If the mural is to be made up of portions of several unrelated pictures cut at odd 
dimensions and sizes, the problem is largely artistic and not photographic. 

Murals are often made up of distinct portions of several prints assembled into a 
pattern which may be regular, as rectangular, or it may be irregular, the individual 
portions which make up the whole being in assorted sizes and shapes. 

Given a job of this kind the photographer often finds that he has thrust upon him 
prints of varying color, varying tone range, varying degrees of gloss, varying size;. 
They may be the only prints available and the negatives may be unobtainable. 

The dimensions of the finished mural are known. The photographs are, therefore, 
to be made into a design in miniature. The scale may be an inch to the foot or any 
other convenient reduction. The photographer’s or artist’s design will lie ultimately 
copied on film and then projected into the final dimensions. If the original layout is 
large enough to require more than one negative, there must be natural places where 
one negative may stop and another one take up the design. There must be a line of 
cleavage which by design is invisible but nevertheless there. 

Parts of the prints that are to be cut away are outlined with a razor blade, and the 
actual cutting only goes through the emulsion or at least not very deep in to the paper 
itself. Then the print is torn so that the paper support tears away l)encath the image 
and leaves the latter very thin. This edge may then be laid down on the aidj<a(;ent 
pi'int and fixed in place. The better artists do not use an airbrush or ot.luu' itieans of 
obliterating the edge because of the difficulty in preventing the material fr<nn g(;tting 
xinder the feather edge (which may be thinned with sandpapering on the Imxhe of the 
print) and from being more apparent than before the brush was usc'd. 

The final design is photographed and projected upon mural paper in strips of the 
proper dimension. These strips are processed like any other phot()gra,{)hi(^ paper 
except that large tanks or trays are necessary. 

Transparent murals or mosaics may be printed upon paper whicdi has an (aiiulsiou 
on both sides such as Adlux, Translite, etc. Murals may Ix^ tintcul or actually painted 
in transparent oils. This coloring is done after the mural is on tlie wall, and the 
actual coloring is a job for an artist, not a photographer. 

^Enlarged Negatives by Reversal.—Where retouching must be doiui on miniature 
negatives, the following method of making enlarged negatives is ustvful (see “Leica 
Manual,” 1st ed., p. 133.) The negative is projected upon process film or upon an 
ortho film of somewhat softer gradation. Develop the film, wash, fix, and bleach it in 
potassium permanganate to which has been added silver nitrate; cl<\ar in sodiuu 
bisulphite, wash, and give second exposure. Then develop; again fix, wash, and dry 
Retouching can now take place upon this enlarged negative which may be us(hI for 
contact printing or which may be projected so that a larger print may Ix^ staaired. 

Photographic Sketching.—A combination of photographic pro(;ess(^s a.n<l of draw¬ 
ing makes it possible to produce very creditable sketches which roscmible fTauduunl 
drawings. 

In one method, the negative is projected upon a sheet of white drawing paper where' 
the image,is a negative. If the white lines of the image as projected are gon<^ oven- 
with a crayon or a soft pencil until all such white lines have been (mAmred, a positive 
sketch will have been made of the image on the negative. Now the drawn print is 
photographed to the final size desired and photoprints are made from this 
negative. 
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In another method, a positive print is gone over with waterproof India ink. In 
this case the black lines are covered. Judgment must be exercised as to the strokes 
used, viz., crosshatching, curves, etc. With a little practice the results are unusual and 
distinctive. Then the print is bleached so that the photographic image disappears 
leaving only the hand-drawn sketch. 

A satisfactory bleach for disposing of the silver image is 

Water. 

Potassium permanganate 
Sulphuric acid. 

This will leave a discolorcid print To lannove the permanganate stain immerse 
the priiit in a bath made up of 50 to IOC gr. of sodium bisidphite in 4 ox. of water. 
This will leave a perfectly clean white print on whi<di remain onl^ the India ink lines. 
Additional lines may be axkled to this jjrint if desired. 

Since the India ink must be placed ov<u* the black lines of the original print, it is 
sometimes difficult to tcJl when all the nctcessary lines ha.vc been covered, or to jiidgc! 
how well the work has progressed. The solution to this diffiendty is to place the 
black lines on a negative print. In this case the ink is placed upon the white lines of 
the negative.! 

Lantern Slides.—Lantern slides are made on glass plates coated with an emulsion 
somewhat similar to that used for making positives. Standard sines are 3}^ by 4 in. 
a.nd 3}'^ by 3^<l in. Several dt'grc'es of contrast ar<s available. Kastman provides 
soft, me<liujn and contrast. Tlui first two may be developed und(;r a Wratten safe light 
Series O or OA for contrast and me<lium plates; Scries 1 safe light must be used for 
soft plates which a,r(' morc^ sensitives 

Any m^gativc that will mak<; a, good print will make a good slide. The slides may 
be printed by proj('(tion or by contact, likunisluvs must be: kepi, to a, minimum 
because t)f ( Inur subs('<iueni, (udargenu'ut wIkui t.lu' sliders n,r(' projected. The Ka,stman 
plates vary in semsitivii.y as follows: c;ontra.st pla.tes rcuiiiin^ about three tim(^s the 
(^xposun^ r(‘(iuir('d for medium, and nualium about s(vv(m tinu's as much (ixposurc^ 
as soft. 

Expot^tirc .—Using a. 25-wai.t frostcsl la.mp a.t a dista.n<ui of a,bout (i ft. Ixd.ween light 
a.nd printing fraim^, (.h(‘ exposure r<‘<]uire<l for an n.V(rra,g<^ m^galive on mcHlium pla.t<‘s 
is about 5 s{^c. I(. is a.(lvisa.l)le at first i.o nia.kc! use; of tlie tesi,-strip method of deter¬ 
mining (X)rrecl, (>xposur('. (!ov(‘r two-ihirds of tlu^ sli(k^ with a.n o])a.fiue ca.rdboa,rd 
and giv(' an (‘X|)osur(‘ of ‘10 s('c.; uncover [)a,rt of the slid(^ so that only on(‘-i.hird is now 
cov(U’(m 1, a.nd giv(^ a,n <'xposur(' of K s<a“.. Finally uncover tlu' entin' slide and give' an 
ex{)osur(* of 2 s('<*. Now l.lu^ sli(l(^ will have ixu'tions ('xposed for 2, 10, and 50 sexa 
In va.rying ('xposures, doubh^ or halv'c i.luun, a.K sniiilh'r ('xposun* change's will nuike^ so 
little^ dilTerenc(‘ (operafor will not h'arn imuJi. 'To ma.k<^ posit ives from miniature 
fra.ni(\s, use* tlu^ j)osiiiv(^ sto(f< film, print, by contact; for 10 sec., (5 in. from a. 10 cp. 
lamp is a good trial exposurta U.s<^ w<‘a,k dewe'lopeu". 

Develop iiK'iii. Slide's may be eh've'lope^d in 1 )-72 (seee eh'velope'rs for [)a.ixn', above). 
Deveilop in a. white' tray aiiel juelge elen'eJeipnu'ut. as e)ne' we)ulel a printing i)a.ixu'. 
Whem elewef e)pme'ti I. is e'eanple-te', the* higlie'st. light slmulel she)W a.|)pre'eaa.l )le' 
coleu'. Dilutee l)-72 a.nel ele've'le)p as fe)lle)ws: se)ft. plate', elilut.ee 1 (.e> •!, el('veele)i) 2 te) 3 
min. at. 70'’Ii\; ine'elium plate', elilutee I (.<> 2, eleeve'le>p 1 lee 2 min. a.i. 70‘'h\; e*e)nt.ra,sL 
plate, dilutee I te) I, eh've'letp 3 te» 5 min. at 70'’k'. 

^ Th<‘r(‘ ar<‘ )S<‘v<*i al o1 Iku* iriodirH'!}! (i dun t)f fpiocthss. A good Nurv(*y of tliifci 

procoHH will 1)(* found in Sonu^ Suggfsslious on Photo Sketching, by 10. A. Vunkor, d m. Phot., Decoinbei , 
lOSf), \K 7.h). 


3>2 OZ. 

3 gr. 

1 dram 
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The plates should be rinsed in a short-stop bath and then fixed in any goo<l hardfui- 
ing fixing bath. They should be washed 20 min. 

Mounting .—The slides should be varnished to protect them and prevent absorij- 
tion of moisture in damp weather, which causes “dewing" or condensation of nioisture 
on the cover glass when it is heated by the lantern. Special varnish for this puri)ose 
may be purchased from the supply houses. • 

The shape of the mask should usually be rectangular. Oval or round masks nr<i 
seldom necessary or desirable. The standard size mask opening for motioiii-picfuro 
theaters is 3 by 2 in. The mask, which may be cut from black paper or purchased 
ready to use, is placed on the emulsion side of the slide. 

After masking, the slide is bound in contact with a thin cover ghiss whi<‘h is pla.<‘('<l 
on the emulsion side. A white spot or label should be placed on the lowcu' left-ham 1 
corner when holding the slide in the hand so that the image appears on t lu’! scnani 
properly. This label not only identifies the slide but is useful to the projt^cd ion- 
machine operator in inserting the slide in the machine properly. 

Cover glasses for slides 2 in. square are now available for Kodachromc^ arid other 
positives made with cameras using 35-mm. film. These slides arc mounted a,nd bound 
in the same manner as the larger slides. Cellulose or Scotch tape may btj uh(m1 to l>ind 
up the positive with its cover glass. 

Direct Positive Paper.—This paper is used for making negatives which, by the 
reversal process, are changed into positive prints. Correct exposure for t he* nega.tiv<' 
determines the quality of the print, therefore a fixed light sounu^ and a d<‘finit<‘ 
exposure are required. Underexposure will produce a dark picture, while o v(‘r<*xiK>Hur<^ 
produces pictures which are too light. 

The reversal process includes exposure, development of the n<^gat iv(‘, blenching f h<‘ 
negative, clearing, reexposure, development of the positive, fixing. Fixing is not 
essential, but it gives the print a slightly increased brilliance. Fixcnl prints should he 
washed for 10 min. in running water. If not fixed, prints should he waslxHl for -1 or 
5 min. The Eastman direct positive emulsion is coated on a watc'.rproof support 
which permits rapid drying. An inexpensive electric hair dry(u- (lan 1>(\ us(m 1 (dT(‘et i Vf'ly 
to facilitate drying. The Series 2 Wratten safe light should he used for workroom 
illumination. 

A satisfactory division of time in the different solutions is a.H follows: devudoping, 
45 sec. to 1 min.; bleaching, 30 sec.; clearing, 30 see.; developing or re<l(*v<doi)ing, 
30 see.; fixing, 30 sec. It is necessary to wash the prints thorougldy in running water 
for at least 15 sec. between the different solutions. When the solution T')-88 i.s used for 
developing a black-and-white positive, it is nec(^ssary to expo-se tlx* pa,per to artificial 
light directly after clearing. If convenient, the white light may Ix' furixxl on a.s soon 
as the prints are placed in the clearing bath. 


OlflVELOPKK (D-88) 

Water (about 125® F.) (52® C.). 

Sodium sulphite (desiccated). 

Hydroquinoiie. 

Boric acid (crystals). 

Potassium bromide. ] r^o 

Hodiurn hydroxide ((caustic soda). 

Water to make. 


<)(i oz. 

:i 

5 \>'i o/.. 

105 

3 hi oz. 

07 

oz. 

22 

150 

10 

oz. 

07 

1 Ral. 

1 

‘ of \va,t.(*r. 

in 0 

■ (liswolvin^ 

th<^ 


1. 

R. 

R. 

R- 

R- 

R- 

L 


The caustic soda should he dissolvcul in a small volunxi of wal.er, in a. s(*pnr!it<‘ 
container, aixl added to the solution wlu<di has been mach; by dissolving th<v (duunieals 
in the order given. Watcu- should then ])e added to make 1 gal. (4 1.). When dis¬ 
solving the caustic soda, stir constantly .so that the heat generated will not ea.u.si' t h<‘ 
solution to boil with explosive violence and spatter the hot caustic on the ha,nd and 
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facre, which would produce; serious burns. Use the developer full strength at a tem¬ 
perature of 70°F. (21°C.). 

Use a crystalline boric acid as specified. Powdered boric acid dissolves witli 
difficulty. 

Bleaching Solution 

Water. 1 gal. 4.01. 

PotusHitiin bichromate. oz. 37.5 g. 

Sulphuric acid (c.p.).*. A- oz. 48.0 cc. 

Use full stnuigth at 55 to 7()°F. (18 to 21 °C.). For more rapid bleaching, the 
tunounts of acid and bichromate may be increased. 

Clearing Solution 


Sodium sulphite (desiccated). 12 oz. 300 g. 

W'ater. 1 gfel. 4 1. 


Use full strength at 65 to 70'’F. (18 to 21°C.). 

Printing-out Paper.—At one time the photographer's liest medium was P O P, 
j)rinting-()ut pa,p<;r, iti whieh the image is visible after exposure and before develop¬ 
ment. Proofs of negatives were often submitted on paper of this type because the 
prints would little if exposed to the light and so the person photographed could not 
retain the jiroof print with any degree of satisfaction. He was forced to let the 
photogra.ph(;r makt; a print with a mont pcrnnuient imago. For rendition of fine 
detail, a glossy P O P paper is suptulor to more modenm d(;veloping-out papers and for 
reproduetion l)_y means of half-tone <;ngra,vings, P O P is still reeommendod. 

P 0 P is very sl^w (X)rn{)n-rocl to i)rosont-<lay printing pap<3ns. It is exposod to tho 
iH^gativo 1)}' dinud. daylight or \any strong artificial light. It ina,y be haixlled in a 
wolHighU'd room, n(‘gativ(‘. should he of average {K)ntrast, J^dat negatives will 

produ<*e w('ak and (Int {)rints. Prints Hh<.)uld l)o cxpos<vl somewhat longer than 
app(^a,ran(a‘S would dictjit(^ as (h'hu'iniiHMl by inspection during the exposure. Some 
color is lost In sul>s(aiu(mt pnxavssing. Tlu’i pa.rl.s \vhi<^h a.r<^ to he pure white in tho 
final print; slioiild show sonu^ slight color in tlu^ (a.)rre(*.ily ('X|)os(m 1 print. 

Af(.(‘r (‘xposiir<‘, th(^ prints should he wa,sh(Hl thoroughly, i.e.j until tlie wash waiter 
uo long(U' shows any milkimhss. Piv<^ or six (a)m{)l(‘t(^ (dning(‘s of wat<u’ a,re naiuired. 

Toning /^///^,■“-d^u^lnua*I^ l)a-ths uuiy us(‘d to tom^ P O P. In some th(U'e is a* 
combination of th<^ toning a,nd fixing pro(*(‘ss(\s. Tlu^ following formulas are a few 
(uxamph^s of IPosf* whi<*h hav<^ Ixxm r(xx)mnH‘nd(Ml. 

If fli(^ (oning and fixing nn^ t-o b(^ distinct ba.tlis, the following nudhod is nxu)m- 
nanukxl l)y Ilford. 

Two stock solutions ar(' nec<\ssa.ry for nuiking up ilu^ working lioniiig l)ath. 

SuiilMKX’V ANIDK SoTiUrroN A 


Arninoniurn muI. 
Wiitur. 


. 20 oz. 

12 ^2:. 
500 (H! 

(}ol(l {•[jl(»ri(l('. 

VVat(*r. 

(loiH) SOIHUI’ION Ji 

. 15 (ir. 

. 20 oz. 

1 K. 
.500 cc 


I^'nr us(', lnk(‘ 2 oz. <‘n,cli of .1 njid H a.n<I atld to 20 oz. wa ter (fiO (.o -lOO (x*. wat(n'). 
Add (Ii(‘ gold solution slowly arid shaken 

Afl(n' about, 5 or 10 min, in t his bad h, prints b(»gin (.o los(‘ lJunr (dKira,c(imIs(I(‘ r<‘d 
color and l.alv<* on t lulr final |)urplisli {‘olor. Afldu* l.oning, tJu^ printn should Ix^ thor¬ 
oughly wa.sli<xl, Hun inun(‘rs(Ml in liyfx), 3 !<> 20 oz. wa.tm' (75 g, to 500 <‘c,. waiter), 
aaid inov(‘d about, for 10 min. Tin* fixtu* should Ix^ used but once, hdnally the |)riuts 
must Ix! thoroughly wasluxb Ilford r(‘(X)mm<m(ling 2 hr. 
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Combined Toning and Fixing .—Uae of a coiubinccl bath saves time, but at the 
expense of less permanency of the image 


COMHINIOD ToNBiK AND I''lXiaU 

Hypo.. 

Sodium chloride. 

Lead nitrate (or lead a<a?tai(0. 

Gold chloride... 

Water to make. 

Prints may be immersed in this solution without the preliminary 
about 6 min. 


r> 

oz. 

150 


20 

Kr. 

1 


20 

Rr. 

1 


•1 

gr. 

0. 

2 g. 

20 

07 ,. 

500 

cc 


waslunp;. "roninj:?: is uompluts in 


Papers are available (Seltoiia jukI Enitone ot Ilford) wbicb eontain the gold 
chloride in tlic enmlsion. After exposure, these pjipers are ])lae('(l in a, hypo solution 
in which they are rendered permanent. 
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CHAPTER XV 


TONING 


By Donald 13ukohan and Ira Current 

Olio of t liii l‘uu(l!uii(*nt.a.l, luul ofttinies little underHtood, characteristics of a photo- 
graphiir jiriiit is the color or tone which makes up its image. In the ordinary black- 
aiul-wliite print tins toiu' is viny subtle, and the presem^e of color is often unnoticed. 
'Phis tone or (ailor is fundamentally determined by the emulsion characteristics of the 
pup(‘r and is c.ontrolh'd, witliin limits, l)y the nature of the developer list'd and the 
amount of its dilution. The usual color range is from a cold blue-black to a warm 
brown, although it is also possilih^ to olitain tones up to red l)y direct development. 

While this nu'thod is rather involved and recpiires careful attention to details of 
('xposure and devdopnn'nt, it has, we bitieve, a definite place in a discussion of toning 
nu'thods. The candid i.(‘(‘lmi(iu<^ that; is ref|uired is such that probably only the 
advanc'd worki'r may Ix^ sudiiuimtly nHiompcnsed to reward his patience and per- 
s(‘V(‘rance; howevi'r, by toning proc(\sses in which the silver inmge is actually changed 
to auotlu'r compound has’ing tlu^ <‘olor (h^sinal, it is ]iossible to produce, easily and 
uniformly, brown, nnl, bhu^, a.nd gnum tones, as well as many of their intermediate 
slnules. 

By th<' use of toning proiu'ssi'S the phot.ograpluu’ (um produce pictun's which a.r(i 
inori' ('ffi'iti\’(' b<'cause of their toiu^ or color. Bor insta.n(;e, some snowscapes ar(' 
much enhanced wlu'ii t he [ihotographie image; ha.s Ixx'U rench'nxl in a brilliant blue or 
a (ireside picture more appealing in a, nxldish brown, t^lx^ possiliilili('s a.re unliniilixl 
as one Ix'eoiiK's familiar with tlu' c.olors tluit the different methods are capable of 
])ro<lueing. 

.■\s diUVrent. kinds of jiaper reaet, (liffi'n'iit ly to most toning [irocesses, a short 
explanation of tlx'si' pajx'rs and tlx'ir belmvior will be givmi before procixxling with 
the various toning ])roe('ss(‘s. Ih'omide papiu-s as a. class do not prodiux'i a wide 
variety of gixxl loni's. I'lxw tend to the cold browns and purfdes. It is lietter when- 
possibh' to eh<x)S(‘ papi'rs ol the chlorobromidi' or (ddoride group. 1 he (diloio- 
bromiih's are the so-calh'd slow ('idarging papi'rs, while the cldoridi^ papm-s a,re us(d 
onlv for eonl aet printing because ol t Ix'ir slow spi'eil. As all haiding mamulmd uuus 
bav(‘ [lapm-s of tliese two groups in a va.ri('ty of surfa-ces, it is possible lor thi^ most 
('xacting worker t-o (ind t in' snriace which will satisly his ))a,rt.icula.r dmuamds. Alti i 
h(' has inadi' his choice of papi'f, it wm.id he wi'll for tin' hegimn'r to experiment in ds 
inmiipnlat ion, following suggestions of tin' inanufact un'r. It is only by mastering 
t h(' art of making good black-and-white prirds that, succi'ss cam Ix^ obtairu'd m toning. 
This poiid cannot be stressi'd too much for many of tln^ troubles cxpcrieiux-xl in 
toning <'a.n u.siially b(' Iraci'd diri'ctly to a, la.ult.y oiigina.1 piint. 

'roning, as it is grneraJly spoken of, involvi's a, cln'iidcal convi'rsion. of the silver 
imagv of tJie “develop(*d print ” into oin* or mori' ins(»hd)ie substiuicivs having various 
colors, for ('xaniple, brown silver sulphide, or colored compounds (d smdi nn'tals as 
copper, uramium, iron. ('tc. But it is also possibh' to obtain (colored nud,allic silver 
images, as w<' ha v(' suggi'sti'd, by niodilication of d('velopni('nt'. 

•158 
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Toning by Direct Development.—When developers of a special composition are 
used and the developing time is shortened or the solution diluted, a coloring of the 
image is noticed; this usually is brownish. Here again some papers have properties 
which yield themselves to these modifications of development more than others. 
These are the chlorobromide papers that yield warm olive tones even in ordinary 
developers, and some of the chloride papers. Most chloride papers, especially those 
used for commercial and photo-finishing purposes, are blue-black in tone when devel¬ 
oped in the recommended formulas. Bromide papers, as a rule, are not readily 
adaptable to toning by direct development. 

The reducing agents used in a developing formula and their proportions to one 
another play an important part in the determination of the final color of a print. 
It must be remembered that an agent such as hydroquinone has a tendency, whcm 
used without any other agents, to yield w^arm tones, especially in the presence of fairly 
large quantities of potassium bromide. Metol, on the other hand, besides having 
soft-gradation-producing characteristics, generally makes the tones of prints black 
or blue-black. 

In most photofimishing establishments contact prints with a blue-black tone are 
desired, and these result from using a developer having a high energy facd.or, i.e., 
one having a large proportion of alkali or energizer and properly balanced amounts of 
metol and hydroquinone. Such a developer is of the following composition and may 


used for contact and bromide papers when cold blue- 

•black 

tones 

a,ro ' 

desired. 

Stock Bolutiok (Agfa 103) 





Hot water (125"^’. or 52'>G.). 

750 

CO. 

24 

oz. 

Metol.;. 

3.5 

g. 

50 

gr. 

Sodium sulphite (anhydrous). 

45 

g. 

IM 

oz. 

Hydroquinone... 

11.5 

g. 

}4 

oz., 55 gr. 

Sodium carbonate (moiiohydrated). 

78 

g. 

2>-.i 

oz., 35 gr. 

Potassium bromide. 

1.2 

g. 

18 

grains 


Water to make. 1 1. 32 oz. 

Dilute 1 part stock solution with 2 parts water. 

Chloride papers: Normal development time, 1 min. at 70^F. (21®C.). 

Bromide papers: Normal development time, 1^2 to 2 min, at 70°F. (21.®C.). 

A chlorobromide paper when developed in such a formula, will ha,ve a tendeiu^y to 
produce rich blacks, although the medium tones will be more olive in color, espe(da,lly 
if through use the developer has been allowed to accumulate an amount of hroniid('.. 
By reducing the amount of metol in such a formula, the warm-toued I’esults will Ixi 
oven more jironounced. If the solution is diluted in order to control the rate of 
development, still warmer tones will result. 

There are other reducing agents, which, when used in the developing formuh-is in 
the proper proportions, will yield tones even more brilliant in color than tliose obtained 
from the methods outlined above. Examples of these reducing agents are Adurol aixl 
glycine. 

Adurol will produc.e tones which range from a rich brown-black to brilliant reds 
when the dilution of the developer is very great; the exposure time has been incrcaised 
enough to compensate for this dilution, and increasing amounts of potassium bromides 
have been added. The formulas on page 455 were developed by Ilford Limited of 
Ijondon and publish<^d in tluvir “Manual of Piiotography.” The table of (exposure 
time, dilution, (it<i., ha.s bo<m changed slightly to meet the requirements of Ani('ri(ai.n 
papers. 

These formulas uscid as mixcid, without any dilution, will produce warm black- 
toned prints. By diluting the solution, increasing the exposure, adding a (‘(;rtain 
amount of a 10 per cent solution of potassium brotnide, and prolonging the developing 
time, wc may change this tone from warm black to reddish brown. While difhu-ent 










TONING 


455 


papers may not all work the aaiJie, the difference in result will not be very great. 
With a few experiments in exposure and developing time, it is possible to arrive at the 
tone desired. 


Ai>UROL. KORMtJLA 


Adurol. 6.8 g. 

Hydroqxiinone. 6.8 g. 

Sodium sulphito (aiihydroii8). 02.4 p;. 

Sodium carV>onat<' (inonohydrated). 54.4 k- 

Potasaium bromide. 0.7 p;. 

Water. 1000 cc. 


07 gr. 

97 frr. 

2 oz., 85 p:r. 
1 oz., 60 gr. 
1 1 gr. 

32 oz. 


Tabuic I.—Dilution, KxeosrrRio Timr, 


b^ok thk AnaR.on Fokmola 



Addition of 10 jxm' 




Dilution 

cent Bolutioii of 
j) o t aswi 11 m 1 > i‘ orn i d e 
to J 000 cc. 

Relati ve c xi > ohu r<^ 
time 

Approximate devfd- 
oper time, min. 

ToncH 

formed 


developer, cc. 




1:0 

0 

1 

1 i'*i 

Warm black 

1 ; 10 

40 

4 - 5 

9 

Warm ^epia 

1 : 15 

120 

6- 8 

14 

Hed-brown Bepia 

1:30 

240 

9-15 

30 

Bright red 


If the Adurol in tlie abov<^ formula, is n^phua'd l)y glycitu^ and (,lu^ a.mouiit of 
sodium earl)ona,te ineri\ased, w(’i g<d. a siindar range of toiu's. 


Gl-YOTNIQ FoIIMULiA 

(ilyoine. 

My<lroquiii<>u(^. 

Sodium (anii,\'droibH). 

Sodium <!arl>onat<* (luonoliytlratdMl). 

l^otaHHJUru l:)rornid('.... . * 

Wa,t(‘r... 


6, 

8 

g. 

07 

gr. 



(>. 

8 

g. 

07 

gr. 



62. 

1 

g. 

2 

oz. 

85 

gr. 

88. 

1 

g. 

3 

oz. 

50 

gr. 

0. 

.7 

g. 

1 1 

gr. 



lOOO 


<x*. 

32 

oz. 




Tahi.p 11. - I)ipu'rioN, MxrosuliP "Timm, 


FOR ^rnio CJry(onf I^'oHMur.A 



Addit.ioti of 10 per 




I >ilu1 ion 

<XMit Holuiioii of 
]><)(.a.HHiu in^l >r()riU(U‘ 
to 1000 cc. 

Relative <'xi)0.surc 

t-i IlK’i 

A piuoxitija t.c 
dt*vclop<‘r tim<^ 
mill. 

Touch 

foruKMl 


d<^v<‘lopcr, c<’. 




1:0 

0 

1 

I i 

Black 

1 :2 

20 

1 tz to 2r,j 

3 to C) 

thigraving lila.ck to 
warm black 

1 : 1 

40 

2 l-o 1 

5 to 15 

Warm l>la(dv to H(‘pia 

1 :8 

HO 

4 to 8 

12 to 30 

S(‘pia tx> red-!)rown 


As toiubs prodiKUMl by dircud. d(‘v<d<)pnH*n 1, :ir<^ not :d\vn>'s ( liosi* ( had- may Ix^ d(‘sir<Ml 
and l)(aaius(^ tli(^ rcbsults at*(‘ not :il\vays (^‘lsiIy r(*i)r<xbuxal, <v\(*('p(, t<hrouf 2 ;h v<a’y s(4d(*t 
atbmtion to small (hdaHs, nudhods whicdi corivxMd. t h<‘ silvta* iina 4 i:(': t-o souk^ oihrv com¬ 
pound {)()ss(\ssiiifi; tlu^ (*<)lor dcsinxi iux; us(‘(l. ‘^riic^ simpU'st, oi t.h(*s<" nudhods iirc' 
those known as sulphid(‘ toma’s. 

Sulphide Toning Processes, ddu' sidphid(‘ pro(‘<sss(‘s prodma^ sepia tones by con¬ 
verting the silv('r imag<^ into ins()lul)l<' silv<a- sulphide'. rhdnts toiuxl hy th<^so methods 
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are permanent and will keep their tones indefinitely without fading. Such toners 
are easy to use, are economical, and can be depended upon to duplicate values fairly 
well. 

The success of these methods depends upon the character of the original black-a nd- 
white print. As a general rule maximum exposure and full development prodiicti 
prints which will tone well by these processes. Underexposure and overdevelopment 
and the reverse, viz., overexposure and underdevelopment shoxild be avoided iti all 
instances. A few trial prints made on the paper selected with varying times oi 
exposure and development, but all approximately the same density, will easily estab¬ 
lish the correct procedure. Fresh solutions should always be used and car(^ taken 
that they are not overworked. The temperature of the developer should be kept as 
near TO'T. as possible. Bromide in the developer used for the bla(ik-and-whit(i prints 
has quite an influence on the final results; i.e., slightly increasing the bromide (!ontent, 
will yield somewhat warmer tones in the final print tone. 

The sulphide processes may be divided into two classifications. 

1. Direct sulphide process in which the silver image is changed diixu'.tly t,o silv(U’ 
sulphide with no intermediate steps. 

' 2. Indirect sulphide process in which the silver image is first changed to an insol¬ 
uble silver salt or a mixture of silver and mercury salts whicih are then clnuiged to thc! 
sulphides of these metals. 

Direct Sepia Process-—The three most commonly used direct pr<)(i(\sses are hypo 
alum, hypo-alum gold chloride and “liver of sulphur.” As all tluise dinu-t methods 
have hypo as one of their ingredients, it is not necessary to wash the prints aften- 
fixing, but they may be transferred directly to the toning bath. 

The chief disadvantage of these methods is that the solution must l)e us(m1 hot 
(approximately 120°F.), and it is necessary to have some method of kc^cping this 
temperature fairly constant. It takes from 15 to 60 min. to tone prints at this 
temperature, depending on the kind of paper used. Toning in a cold solution would 
require about 10 to 12 hr. Some photographers leave prints in th('S(^ mixtures ov('r- 
night, but this is not good procedure and should he avoided. Anotlu'r caut ion l.hat is 
very important is to use these toners in a separate room or at haust a.t a. dista,nc(i from 
any sensitized materials, such as paper or film, for direct sepia toiua-s give off sulphur 
fumes when heated which are destructive to sensitized mat(U’ials. flood v(‘nt ilal ion 
is absolutely necessary. Abrupt changes of temperature shoidd Ix' avoided, ijrints 
shmdd bo allowed to cool after l)eing rtmioved from the toning bath and befoni washit\g. 
If this is not done, frilling and blistering will result. Prints should Ix^ spongcxl off 
carefully after removal from the toning baths, to remove sediment; allow<'d lo c<)<d; 
and then wa,shed in cold ninning water for 15 to 20 min. 

Hypo-alim\ Sepia Method .—Two common photographic (dumdeals are uscxl in t his 
formula, viz., hypo and potassium alum. When alum, whi<!h is a.eid, is added to a. 
solution of hypo (sodium thiosidphate), free sulphur is prexupitated. This pre¬ 
cipitated srdphur, when combined with the silver image of the print during toning, 
forms brown silver sidphide. 

A silver “ripemer ” which retards the bleaching a.ction due: to t.lx' hyi)o must also Ix' 
added to the solution. Chloride, bromide, or iodide are used for this i)urix>s(“. If 
six or eight waste prints are at hand, it is possible l)y toning tlu.:se prints t.o dispcmsci 
with the ripener, as the silver salts supplied by those xorints will scu've the saant' pur¬ 
pose. The bath may be used indefinitely or until it is so reduced by evapora tion tliat 
it is necessary to replenish it, when a fresh solution must be added. 

Very defiidte instructions arc given as to how these ingrcxlients should Ix' com¬ 
bined in the bath, and any deviation from this order will result in failure. It is 
eqiially important to keep the solution at the temperature given, as too hot a l>al,h 
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will CJixisG blibi'iCring tind frilling, jincl £i cold b&r1jli not only slows up tho toning 8,ction 
but tends to produce cold purplish tones. Prints should be agitated constantly while 


As this method docs not woik progressively but carries the toning to completion 
HiOd then stops, the piints should be left in long enough to insure complete toning. 


Hypo-ALUM Tonek 

This toner is rcHMUtiiiiendc'd for beautiful reddish-brown tones. 



Solution A 




.. 




«r'l i-trr 

Hypo. 



J.f\n fr 

oU uz. 


Solution B 




VVattH*. 





Silver nilrait*. 



. Ovl CL'. 

1 ^ fy 

1 U/j . 

90 srr 


Solution C 




Water. 





Potawsium iixiide. 



• OL/ OL. 

. 2>2 g. 

X \J/j m 

40 gr. 


Add solution li to solution A. Then add solution C to the mixture. Finally add 
105 g. (S' .j oz.) of potassium alum to this solution, and heat the entire bath to the 
boiling point, or \ml il sulphurization takes place (indicated by a milky appearance of 
the solution). Tom^ prints 20 to 00 min. in this bath at 110 to 125°F. (43 to 52°C.). 
Agitat<^ prints occasionally until toning is complete. 

Hypo-alum Gold Hepia Method .—A toner which yields even more beautiful sepias 
than th(‘ hy{)(>-nlum is made by a.dding a soluble gold salt to a solution which is made 
up of hypo-alum aiul a ripc'iK'r. Clold chloride or gold sodium chloi’ide is used. 
When tlu^ j)rint is pln,c(‘d in Ibis gold solution, the silver will replace the metal in 
solution, and tlu' gold will d<'posit(Hl in {)la.(^e of tlui silver. It is necessary for a good 
tone that this gold deposit Ix' rapid. 'This ba,th must l)c kept alkaline, a condition 
whi(di is a.econiplish(xl by tlx^ a,ddiiion of sodium phosphate. A definite test for this 
alkalinity is the us<' of red litmus [^aI)(u• whicdi turns bhu^ in an edki lint' solution. 


IIveo-AntiM (JoLi) '^roNEK 
Soi-IF'ITON A 

(I) Hoilinir, wntcr (t 1 int illcd) . -lOOO w,. 128 

Hypo... 4 50 K- H> oz. 

Alum potasniuiH. 5() f*;. 2 oz. 

I^oil i\n^ nh()V(‘ 2 or *5 inin., allow it. to oool a,ii<l tJuai n.dd 

Sofiiurn phosjdin(<♦. 5() 2 oz. 

Test the ri'suKiiig solution witb red litiruis paper. If tlxi litmus ’papier do<^s not turn 
blue within I min., beat bath iignin, a,nd a.dd sodium phost)hat(5 in 2-oz. t56-g.) (pia,n- 
tfth's until th<‘ bath has l.ceouK' slightly alkafiiun Then dissolve' 



. -1 g. 

00 

oz 



1 

I*(>tMHwiuin l)r<Huide... 


12:) 

gr. 

Water. 

. 30 ee. 

1 

oz 


S(*pa,rate solutions are made of t Ixe silver and bromid(^ (audi dii-isolved in 1 oz. (30 cc.) 
of water. 'Plx' bromid*' solution is pounxl into t.lu^ silver solution. The resulting 
mixt ure, pT<'eipitaf.(' and all, is t hen adchxl tf) th(^ hypo-alum bath after the latter has 
thoroughly ('(Xihal. 
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Solution B 

Gold chloride.. 1 g. 15 gr* 

Water. 15 cc. 1 oss. 


To use add 1 dram (3.7 cc.) of gold solution (solution B) to each 16 ok. (500 cc.) 
of hypo-alum bath (solution A), tone at 90 to 110°F.—not more than 110°F. Prints 
should be examined as the toning proceeds and removed when the desired tone is 
reached. 

This toning bath as mixed will tone approximately 150 4- by 6-in. prints. When 
used up to this point, it should be discarded and a new bath mixed. 

Prints should be agitated during toning to insure even toning. After toning is 
completed they should be carefully sponged to remove any surface sediment, fixtal 
again in the regular acid hypo fixing solution for about 5 min., washed and dried in 
the usual manner. 

lAvei'-of-sulphur Sepia Method .—This is an easy economical method of sepia toning 
giving results which are comparable to the hypo-alum process on some papers. As 
results vary with different papers, it would be well to test this method thoroughly 
before adopting it. 

Liver of sulphur is a mixture of potassium sulphide along with other compounds 
such as sulphates, caibonates, hypo, etc. The actual toning agent is not known, 
but it is thought that the sulphur acts on the silver image forming silver sidphid(^ as in 
the other sulphide toners. It is well to get liver of sulphur from a reputable cliemical 
concern, as most of it is impure and not fit for photographic use. It is nec.cssary in 
this process to be sure the prints are well hardened, as liver of sulphur in a hot solution 
has quite a softening effect on the emulsion. 

LlVER-OP-SUUPHtlR SEPI.A. MetHOI) 


Liver of sulphur... 30 

Water. 40 oz. 


Use at SO^F. 

Indirect Sepia Process.—This process is used extensively for sepia prints because 
of its simplicity and economy and because the solutions are used at room teitip(;ra,ture. 
Two solutions are necessary: (1) the "bleach,” so called because the imago disappears; 
and (2) a weak solution of sodium sulphide which changes th(s bleached imag(‘ into 
brown silver sulphide, as in the direct toning processes. It is very important that the 
black-and-white print be thoroughly washed, as silver bromide, which is first fornuMl 
in the bleaching operation, is soluble in hypo; so part or all of the imag('. may 1)0 <lis- 
solved if the print has not been waslied in running water for at least 20 to 30 min. 
This precaution should be especially noted, for the cause of about 50 per ccmt of all 
the troubles experienced with this process is due to prints that are not wa,shed tlior- 
oughly. Clean enameled trays without any chipped or broken pla,ces in the cmamel 
should be used, for contamination by iron rust will cause blue spots on the (inisluMl 
print. These l)iue spots may also l)e (uuis<ul by iron rust from tlui wat(u-, and when' 
this occurs the water should be filteretl through several thickness(^s of flantnd or h'lt, 
whitdi may be pla<;ed dir(^(d,ly over the water taps. 

Bleach prints in solution 1 until the image is conv(u-t('d to a v<u’y light brown. 

BeEAOH Ff)n SUEPHIDE REDEVELOPMENT 
Solution 1 


Potassium ferricyanide solution (10 per cent).. 500 cc, 17>.2 fl. oz. 

Potassiuim bromide solution (10 per cent). 100 cc. 3>2 A. osfi. 

Sodium carbonate solution (10 per cent).. 200 cc. 7 fl. oz. 

Water. 200 cc. 7 fl. ok. 


Wash prints for about 5 min., and redevelop in the following solution: 
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Sulphide Redeveloping Solution 

Stock Sortition 

Sodhiin sulphide. 45 g. 1 J'-i oz. 

Water to make. 500 oc. 16 oz. 

For uae, dilute 1 part stock solution with 8 parts water. 

After using this toner it is advisable to harden the prints. To do this mix the 
following hardener: 


Hot water (125°k'. or 52°C.). 150 cc. 5 oz. 

Sodium sulphite, anhydrou.s. 15 g. t-i oz. 

Acetic acid (28 per cent). 45 oc. IK oz. 

Potaaeiuin alum. 15 g. tz oz. 


After removing prints from sulphide redtiveloper solution wash for 2 or 3 rain, and 
place in the above hartUnnu- bath for 5 min. Thtm wash thorougldy for 30 min. 
This hardiuier solution has no effect on either the color or gradation of the print. 

Mercury Sulphide. Sepia Toner .—The four sepia toners just described depend on 
the formation of one compound, silver sulphide, which, although it allows some altering 
of the shade of brown by means of the nature of the original print image and by the 
lileaching methods used, is essentially a compound with a limited range of colors. 
By producing a combined silver sulphide and mercury sulphide image, the range of 
tones available is lengtlumed. The addition of mercury sulphide to the image is 
accornplisluHl by adding nKU-curic chloride to the bleaching bath. The compound 
formed in the bleaching is tlum a condiination of a silver a.nd a mercury salt. Upon 
subsequent devt'lopim'ut with sodium sulphi<l(^, silver sulphide and mer(uiry sulphide 
are forimul. By varying (lai amounts of mercuric chloride in the original lihaich, the 
(Hilor of the final print iniagci is easily controlled; th(^ largcn- the amount of mercury 
used, the bhu'ker or coUh'r the image, 'fhe gelatin on tlie jnvint has quite a strong 
affinity for tlu; ttun-cury, and for this nauson, after bhaiching, the prints are loathed 
in sevcu'al chang(‘S of dilute hyilrochlori.c. acid to uunove any nuuTuiry which is in 
combination wit h th(^ gc^lat.in. 'The mercury which is combined with th(^ silver image 
is not alT(‘ct(Ml by this (.rea,iment, so there is no loss in t he riehn(\ss of the image. Mer- 
<*,ury sulphid<^ is a compound just a.s stabh* a.s silver sulphich^, so theui need bti no fear 
of im{)cu-man('nc(' in iinagtss made of mercury Hulphi<l(\ 'TIu' |)rints should be slightly 
lighten- than for tla* ot lun- pro(‘(‘HS(ss a,s imn-cury prodinaes some: int(nisi(uaition in the 
t.oiK'd i)rint. 

Wash print w(^ll, eliminat.ing all hypo. 

Bhaich in bath nuuh' as follows: 


MioaeirHY Sulimiidio 'Toner 

HoiairioN A. 

PotuHHiiim f<‘rriu.vu.ni<1<'.. 

PotdiMHi\i111 l)r<)iiii<le... 

Wt <) inuk<*... 

SoiitunoN li 

MiM'curic chloridi*...... 

Pot.usHiiim l>r<)nii<l(i.. . . , 

Wat-<‘r t o iiuikt'. 


:i() g. 

1 O'A , 

45 K. 

1 }'2 

2()() cc. 

9 OZ, 

4 g. 

()() ^r 

4 g. 

00 p:r. 

150 cc. 

5 oz 


For use: 


Kiuririivinp: black “ 1 jiart- A, .*{ parts U, l(> part.H wab^r 
Warm black 1 iiart A, 1 part. H, 1 (I part.s wat(*r 
(b)l(l sepia. — 1 part A, part, li, 12 part.s wnt.ia' 

Normal Hcj>ia -1 part A otily, 12 parts wiit.cr. (Noiu* of B addiMl.) 
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After the prints are completely bleached, they are washed first and then rinsed in 
three baths of 1 per cent hydrochloric acid. The prints are then washed again and 
toned in the following solution: 

Sodium sulphide 
Water to make. . 

For use, dilute 1 part stock solution with 8 parts water. 

Potassium Permanganate Sulphide Method .’—Another bleach for sulphide toning 
consists in using potassium permanganate instead of potassium ferri(\vitnide. This 
has one particular advantage over the ferricyaiiide bleacli, inasnuuvli a.s a.ny traces ol 
hypo left in the print before toning will be destroyed by the permanganate and ha ve no 
effect on the final image. A stain is formed when the image is bleached, but this will 
disappear in redevelopment. Wash print well and bleach in the following solution. 


SoiilJTIOW A 

Potassium permaixganate... 2.5 40 j^r. 

Water.. 590 cc. 20 ce. 

SuuuTiojsr B 

Hydrochloric acid (c.p.) (36 per cent). 80 cc. 2:t4 oz. 

Water to make. ..... 590 cc. 20 <jz. 


Stock SonuTioisr 


45 g. 
500 cc. 


055, 

16 oz. 


To use take 1 pai-t solution A, 1 part solution B, plus 6 parts vva4.<u-. Wash 
well and tone in sidphide solution. 


Sulphide Redeveloping Solution 
Stock Solution 


Sodium sulphide. 45 g. 

Water to make. 500 cc. 


13-2 oz. 
Ui oz. 


For use, dilute 1 part .sto<-k solution with 8 parts vva.t(U'. Wa.Hli prinis for 
15 niih. after toning. 

Intermediate Redevelopment Sepia Method.—The a,])OV(^ bleaxili 1)ii(h Itaids ilscdf 
well to control of the rosultiug image ])y iiieahs of inka’nuuiiate devt^lopiiHail. of the 
print with a dilute developer after lih^aching and ia-foro toning. devudoixu' 

acts on the bleached silver compound fonning a pn,rtial l)hu!k mch-aJlic. silvan- iinagt'. 
The remaining undeveloped silvmr eonipound, when trcaikul with sodium sulphich* in 
the toning bath, forms silver sulphide. Thus a eombined image of black m(dalli<! 
silver and brown silver sulphitle is formed, and the rc^snlting dcgrei^ of blackiu'ss 
depends on the proportion of metallic silven- that makes up the hna l imag<o Proec'dun! 
for this method is as follows: Bleach print according tt) instructions givum for t,lu^ 
permanganate sulphide method. After washing well, x’iirtially dcw'elop the print in 
a 1 to 2 dilution of the developer for liluo-hlaek tones glvmn in tll(^ Ixginning of this 
chajater. Time the length of devcloximent and then tomi in the regular sulphieh'i (omu- 
given above. A few experiments will determine the huigth of intermedial.t^ dcn-eloi)- 
ment necessary to secure the desired tone. 

The permanganate bleach will react on both the silver sulxihide and silver image*, 
so that, if the desired tone is not obtained with the first trial, the tejnexl image; may be; 
bleached and rotoned. Sometimes it is ele;sirable to restore a toned X)rint. to its e>riginal 
black state: this may be aeemjiiplished b.y lileaching in a permangaiuite bath and 
redeveloping completely in a ne>rmal devele)j>er. 

Engraving Black from a Silver Sulphide Print.—It is pe>ssible to intensify or ela.rke;ii 
sulp>hide-toned prints liy means of load compounds. The leael combines with some eif 
the silver sulphide forming lead sulphide, which is black. The darkening is ae'com- 
jilished by treating the sulphide-toned print with a solution of lead acetate. Prints 
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should be treated in the following solution until the desired intensity of tone has been 
reached. 

Engravino Bi.a(^k Solution 

Water... ^ 1000 cc. 

Hypo. 20 g. 

Lead acetate. f> g. 

The acdaon of this solution proc.eeds rather slowly and for a normal change in 
tone 1'2 to 1 hr. is required. 

Red Tones from, Sidphide-toned Print .—Silver sulphide images may be readily 
changed to brilliant and charming red tones by treatment with a gold chloride ammo¬ 
nium sulphocyanate bath. 'The prints, whi<-h have ah-cauly beem toned by one of the 
sulphide processes, are immersed in the folUjwiug liath until the tone has changed to 
red. They are then fixed for several minutes in the regular acid fixing bath and 
washed and dried in the usual manner. 

Tone directly in: 


32 oz. 

3 4 055. 
80 gr. 


Water. 

A in Ill on i u in t hi o(\v an ate 
1 per cent i: 2 :ol<l ehloride. 


500 cc. l(> oz. 

50 K. l oz. 

30 cc. 1 oz. 


With th('. above solution very dtaqi-bhie toiu^s may be obtained liy using ordinary 
black-and-whitei prints, 'riu^ iirints shoukl be made in the ordinary manner, fixed 
and washed thoroughly and tluai toned in the above solution. Aftcu- toning they 
should he fixed again for several luinutc'S, washed and dried. 

Sepia Tones on Bromide Papers.-—Tlu* fa,ct has been cunphasized that bromide 
papers, as a class, do not tone: so well a,s <*.hlorohromid(! or chlorides })a.per. Tluuci is a 
formula, howtwer, which will producu* tones" from cold brown through rcMl-hrovvu on 
bromide papeu’s. 

The thor(»ughl.y waslual bln.ck-a.nd-whitc: print is first blea-clual a.nd tlanv ixHlctvc'l- 
oped, the tone being (mutrolhal by tlu' amount of sodium (rarbonatc^ added t.o tlu^ 
redeveloping solution. 'Flu' ttibh' following (h(^ formida, will give the a,mounts neces¬ 
sary for certain tones. Ib'fe, iigaitu not. all pap<‘rs will laaud, the sanu^, but by incnais- 
ing or d(Hvr(‘a.sing the amount, of the: .sodium c.arhoua.t(\ tlu^ (U'siiaul tone may be 
achievc'd. '^riie formula, without. a.ny so<lium (aarl>onat.(> will j)ro<lu(H^ l)rillia.nt I’cd 
toncis. By ine.ia'asing this earbonat.c: in t he: r<'d(wcloping solution, w(^ may a.(due:V(* 
many diff('r(‘nt. sha<h‘s of red-browti, .sepia., a.nd cold brov\n. Oidy two a.d<lit.ion,s ol 
carbonates ar<‘ givem in tin' tahh*, but (‘.Kpt'rinumt ;d ion will _yi('ld t lu^ dc'sirc'il tones on 
a.ny bromide' pa.|)e‘r. 

Hle‘a.e'h the* well-washed print in the following .solution: 


l*oiiiMHiuni fcrii<'.s'!Hii<l<“ (10 per cciil). .500 rr. lO o/,. 

f^otuMbiuni hroinidc: (10 per )... 100 cc. 3 da. 

S<xliuni c.arboiiMtd* (10 ixa* . 200 cc. 0 oz. 

Wnt<M-. 200 cc. 0 oz. 


Wash and toru^ in the following; sohilion: 

Hodiuio Hulphjiiit iinonia t (t liioiinliiniiiatc). 10 r. J'.i oz,, *15 ^r. 

Hodiiuu carlioual.ci Holuiioii (10 ])ci* c<mi1) . 30 <•<•. 1 oz. 

Potaaniuni hroiiU(l('( Holutioii (10 i>cr cc'ut ).. I (>0 c<b h oz. 


W^iit'Cr, ..... 810 cc. 2() < >z. 

Wuna ln'own I-otk'h. ... .... Add 30 c<’. 10 p(*r <*.(Md- Holidioii istxiiuiu ( 'athoiudf^ 

Sepia toncH. .Vdd IOO <*c. 10 p(X’ cent .solution sodium carhonatt^ 


P^or e'e)lde'r t<>ne*s in(‘re’'as(' the* cai’lxmate' 30 ce,\ at a. time' mdil tin' de'sireal teme is 
ri^acheel. 
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Ferrocyanide Toners .—FeiTOcyanide compounds of other metals than silver have 
various and brilliant colors and may be substituted for the silver image. Iron com¬ 
pounds are blue; uranium, brownish red and brown; copper, rod, etc. 

Ordinarily the silver image is first converted into silver ferrocyanide, and this is 
subsequently converted into the desired metallic compound by direct replacement of 
the silver by the metal of the ferrocyanide compounds. Usually other organic con¬ 
stituents are added to the formula to restrain the action of the toners, to prevent 
stains, etc. Most toning formulas of this class are similar in their reactions, although 
some of the single solution formulas form the silver ferrocyanide and the metallic*, 
ferrocyanide in one operation. Others involve two operations, first the conversion 
of the black silver image into silver ferrocyanide and subsequently the rcqdacrement 
of the silver in the silver ferrocyanide by the suitable metal higher in the electromotive 
series. The formulas we give may be considered representative of this type of toner. 

Toners of this class are more susceptible to troubles caused by impurities and by 
deviations from recommended procedures than any of the others and therefore I’equirc 
considerably more care in their use. Also many of these metallic ferrocyanide com¬ 
pounds are soluble in even mild alkalies, and therefore water which is slightly alkaline 
when used in washing might remove some of the image. The use of these toners 
generally requires considerable care and experimentation in order to produce the 
desired results. 

Copper Toner.—This toner hesitates for a moment, then a distinct toning action is 
noticed which proceeds quite rapidly at first. The tone goes from a cold brown, 
toward red, during which time a double tone, brown and red, is formed. After this 
the toning is progressive to red. The success in obtaining the desired tone by this 
method rests in the control of the time of toning and being able to judge just when the 
desired tone is reached. When using a toner of this type, it is wise to make several 
prints, toning them for different lengths of time with constant temperature, so that 
when the prints are dried one has several different tones from which to select. By 
this time method one may duplicate tones when prints in quantity are being processed. 
Toning solutions are as follows: 


SoijTrTiOK A 

Copper sulphate (cupric). 

Potassium citrate... 

Water to make. 

SoLtXJTION B 

I^otassium ferricyanide... 

Potassium citiTite. 

Water to make. 


4 g. 

GO 

gr. 

16 g. 

240 

gr. 

600 cc. 

20 

oz. 

3. r, K. 

50 

gr. 

16 g. 

240 

gr. 

600 cc. 

20 

oz, 


To use, mix equal parts of A and B and tone the l>lack-and-white print in this solution. 
Iron Toner.—The following toner will produce blue tones. 


Iron nnd anunoniutn citrate (ferric:) (10 per cent). 00 cc. 2 oz. 

Potasaium ferricyanide (U) jjer cent). 00 cc,. 2 ox. 

Acetic acid (10 i)er cent). COO cc. 20 ox. 


Wash in pure water, but not too long, as blue color is soluble in water even slightly 
alkaline. Variations in brilliance of tone may be obtained by rinsing prints in a ojie- 
half per cent solution of borax which produces softer blue-gray tones depending upon 
length of treatment. 

Uranium Toner.—Uranium toner yields shades from black through brown to a, 
yellowish red. While this tomu*, in some instances and for certain effects gives satis¬ 
factory tones, the writers have never had very good results with it. It is included 
here for those workers who seek the unusual and bizarre. 

prints should be toqcd in the following solution after being thoroughly washed. 
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Bleach coiiiplctoly in * 

SoLtnriON A 

PotaHHiiiin ferricyanide. 

Cihtcial acetic acid. 

W ater. 


2.5 g. 38 gr. 

5.5 cc. 96 minims 

250 cc. 9 oz. 


Wiish \v<41 !uul tone in 


Solution B 

Uranium nitrate. 

Water. 


2.5 g. 38 gr. 

240 oc. 8 oz. 


Wash w(41 in watcu’ free from alkali. 

Green Tones.—lly a (“ombinatioii of iron ferrocyanide and silver sulphide green 


^s may he obtained. For this 

method the following stock solutions 

are 

required, 

l<V)r grcHvu tones: 

Solution A 

ft^rricyaiiidc (red pruasiate of potash). 

.... 5 

g- 

77 

gr. 

Aininouia. 


1 

cc. 

5 

drops 

Wat<‘r to inak(’>... .. , 


.... 100 

cc. 

m 

oz. 

Iron and anunoniuin citrate ferric 

Solution B 

_ 2. 

2 g. 

33 

gr. 

Hydrochloric acid (concientrated). 


5 

cc. 

80 

minims 

Wat(*r to niak<^. 


. 100 

cc. 

3K 

oz. 

Sodium Hulpliidt^ (pure c.ryHtal).., 

Solution C 

. 1 

g- 

15 

gr. 

Wat(U'.1. 


. 100 

cc. 

3}r2 

Hydrochloric a<U(l (con(ientrated). 


. 5 

cc. 

80 

minims 


In toning th(‘ following procedure should be followed: The thoroughly washed 
print is (•oniph't(‘ly l)lea(^he(l in solution A. After washing has removed all the stain, 
print is iinmerst'd in solution B for about 5 min. Again the print is washed and then 
phi<-e<l in solulfon C for nbout 5 min. Print should be washed again after removing 
from this solution niul dih^d in the usual manner. 

Dye Toning, dt is possilde to reidace the normal silver photographic image with 
one (uuisisl ing itrinuirily of a. colored dye. In such a process the metallic silver is first 
converted into a mordant, smdi a,H silvcw ferrocyanide, which has the ability to attract 
and hold imuiy basic dyc^s. The following mordanting hath is one recommended 
by Dr. B. T. J. (Jlovcr., in his hook, “Lantern Slides,” and although it is 
iid.('n(lcd for la.nt,crn slides and film positives it may he used in some instances for 
|)up(u‘ j)rints. 


Moul).^NTlN(; Bath. Stock Solution 



. 8 g. 

70 gr. 



35 gr. 

1 w i 4 1 t 1 1 V 1 1 .. 


35 gr. 


. 11. 

20 oz. 


Th(' (du'micals an' ca(di dissolves! se'paratcly in 5 oz. of water, and the solutions 
added tog(‘l li('r in I he following onh-r: oxalic acid, uranium nitrate, potassium ferri- 
cyanid(', a,ml (imdly wafer to ma.kc the roepunMl quantity. The solution when pro¬ 
perly (a)mp<)un<l(al should he ol Ui j)a.l(e-y<'ll()\v colorj and because of its light semsitivity 
should lu> stored in flie dark. For use, 1 part of this stock solution is diluted with 

4 parts of wafer. _ 

The jjositivee affen- fixing and \va,shing is placed in the mordanting bath until the 
black silveu- image' lia.s be'cn e'onve'rtcd to a, light-brown color. It is then washed to 
re'tnove' l.lu' v'cllow stain anel f,ra.nsl(ur(‘d tlirectly to the feillowing dye solutiop. 
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Dye. 

Acetic acid (10 per cent) 
Wa ter. 
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0.2 g. 

5 cc. 
1 L 


3 

75 minims 
36 oz. 


The dye is dissolved in hot water and filtered. The acid is then added, together 
with cold water to make up the required bulk. The positives are left in the dye 
solution until the desired tone is obtained a.nd then washed until the excess dye is 
removed fi*oni the lighter areas of the picture. 

A partial list of basic dyes suitable for dye toning is the following: 


Rihodamine G.. Ited 

Atiramine. Orange 

Chrysoidine. Yellow 

Malachite Green.. Green 

Methylene Blue. .. Blue 

Methyl Violet... Violet 


When working with paper prints, the dye is usually held by the fibers and baryta, 
coat of the paper base to quite a great extent, but sometimes a large part of this excess 
dyeing may be removed by washing with water. Finally, any objectionable coloring 
of the whites or high lights may be removed from the dried print by immersing in the 
following clearing solution for from 1 to 2 min.: 

Potassium permanganate. 4 g. 3 gr. 

Sulphuric acid. 1 ‘-2 cc. 20 minims 

Water to. 1 1. 20 oz. 

Another mordanting bath is one which is described in t\m Britinh Journal awi 
Almanac for 1927: 


Copper sulphate. 40 g. 350 gr. 

Tribasic potassium citrate. OO g. 524 gr. 

Glacial acetic acid. 30 g. 2()2 gr. 

Potassium or ammonium sulphocyanide. 20 g. 175 gr. 

Water. 1 1. 20 oz. 


The print is mordanted for from 1 to 15 min., wasluul for al)Out 30 min., la.id out 
on a sheet of glass and surfac;e dried. A 10 per c(mt solutio!) of thv. dyes or mixture 
of dyes, and 1 per cent acetic acid is then aj^pliod with a tuft of (‘.otton or Hat brush. 

Crabtree and Ives have described a rnethoil of dye toning witli a, singh'; solution, 
which, although intended for toning niotion-picturci films, may also be used with a 
certain measure of succhnss on sonui {)aj)ers. th(^ <ly(' is inixcul \rith tlu^ mordant¬ 

ing solution in a concentration of from 0.02 per (*cmt to 0.04 pin* e-ent., a-nd sometimes 
higher, depending on the kind of dye used, (‘ombiiu^d mordanting and dy<^ 

formulas follows: 


Dye (to make a final concentrat.ion of 0.02 t,o 0.04 per cent 

depending on the kind of dye). 

Acetone.. . . . . 

Potassium ferricyanide. 

Acetic acid (glacial). 

Water to make. 


X 

X 

gr. 

)() cc. 

3' 

■ji 

1 

15 

gr. 

5 (*c- 

75 

mi tii ms 

1 1. 

32 

oz. 


The dye should be dissolved c.oitipleteiy in a. small volume of hot water, a.nd addcal, 
with stirring, to the acetone. Tliis mixture is then immediately dilut(Mi to about 
three-fourths the final volume with cold watcu’. 'The potassium ferricyanidc! is dis¬ 
solved in a small voluirie of watc'r, and the ae.(d.i(5 a(ud added. 'This mixture is a.dde<l 
to the dye solution with constant stirring, and the whole diluted to tlie final volumes 
for use. 

Some experimental work will have to be clone in order to determine the proper 
concentration of dye in the solution before serious work is attempted. As a rule 
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various dyes may be mixed to obtain almost any color desired; although some dyes 
have a tendency to precipitate out in the presence of one another. 

There are several points which have been mentioned in this chapter that are impor¬ 
tant enough to be repeated. As the original black-and-white print plays such an 
important part in the final toned print, it is necessary that the art of producing good 
prints be mastered befoi*e venturing into the field of toning. 

After selecting the papers to be used, it is good practice to follow carefully the 
manufacturer's directions as to developers, developing time, and general procedure. 
These recommendations are based on the results of long and painstaking research and 
constitute the best methods available, for the particular paper. 

All photographic processes, including toning, are chemical by iiaturo; therefoni, 
neatness, cleanliness, and accuracy are necessary at all times. Clean, orderly work¬ 
rooms, clean utensils, care and accuracy in mixing all solutions, and a rigid adhercuu'.e 
to all instructions are a requisite for satisfactory results. 

The photographer who likes to experiment will find that these formulas provide a 
basis for many interesting trials. Many interesting and unusual rcs\dts ma,y ho 
obtained which will compensate for the time and trouble. However, if we may l>e 
allowed to repeat, master the fundamentals first. 
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CHAPTER XVI 


SPECIAL PRINTING PROCESSES 

By Paul L, Andeeson 

Carbon Printing. Theory .—Carbon printing depends on the fact tliat, if a. colloid 
substance, such, as gelatin or gum arabic, is sensitized with any one of several (diromiuin 
salts and is exposed to light, the salt breaks down, giving off nascent oxygen, tliis 
nascent oxygen rendering the colloid more or less insoluble, in proportion to the 
amount of light action. In practice, the colloid used in carbon work is gelatin, and 
th^ “tissue” as purchased consists of a moderately heavy backing paper or supporl;, 
one side of this carrying a layer of gela.tin with which some earth pigment smdi as 
lampblack, burnt umber, etc;., has been incorporated. This tissue is sold insensitive; 
and is sensitized and dried in the dark just before use. It is then printed under a 
negative and developed in warm water, when the soluble portions of the gelatin wash 
off, taking their quota of pigment with them and leaving behind the insoluble portions, 
which with their pigment adhere to the paper, thus giving the print. 

Advantages .—The prints are absolutely permanent, as is the ease witli platinum. 

Any one of about 20 different colors may be \ised. 

Practically any support may be used. This includes not only various |>ap(n-s 
but also glass, ivory, porcelain, celluloid, etc. Very beautiful miniature i)ortrait,s 
are sometimes produced by carbon printing on ivory. 

Modifications of total contrast are very easily mack;. 

Local modifications of values may be made to a slight extent. 

Multiple printing is very easy, not only in one color, but in various combinations of 
colors. Some very beautiful special effects may be attairual in this nuinner. 

Carbon has a very long scale of gradation, and gives exceedingly ri(;h l)laoks, fully 
equal to those given by platinum. 

Disadvantages .—It is almost impossible, ex<;cpt in v(;ry sp(;cial cases, to a void th<; 
luster of the gelatin emulsion, particularly in the shadows, ddiis may be a.n advan¬ 
tage, since it adds to the richness of the deeper tones, but it intcrfer(;s with our enjoy¬ 
ment of the texture of the support. 

Like platinum, carbon requires a strong light for printing, thcnxvfon; it cannoi, lx; 
be used for enlarging, except with very special apparatus; it is strictly a, (-onlad. 
process. 

The technique is slightly more difficult than that of platinum, though no more' so 
than that of gaslight or bromide printing. 

It is not easy to handle carbon in oith(;r very dry or very damp vvaaitluir; a. humidil y 
of 65 to 70 per cent is desirable. Still, by prop(;r prec.autions, this difficulty may lx; 
overcome. 

It is (extremely diffi(!ult to secun; absolutely puni high lights, without r(x*ours(* to 
brush development. This disadvantage, though, is of minor importanc.c;, sinc<; 
almost pure lights may readily be obtained, and it is .seldom that al)solute purity i.s 
desirable. 

The Negative .—Carbon being a long-scale medium, if its full poBsibiliti(;s ar(' to lx; 
exhausted, the negative must be rather stronger than for bromide or gaslight i)a.p(;r; 
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about tlic same quality is dfisirable as in the case of platinum printing. It is, of 
course, not necessary to exhaust the scale of the paper; medium or low-keyed prints 
may he made as well as with any other medium, though when a very high key is 
required, carbon is not so satisfactory as platinum. 

Since the print is not developed on the original backing paper but must be trans¬ 
ferred to some other suppoi’t for development, it follows that, if the picture is to be the 
right way around, it must be printed from the back of the negative, or a reversed 
lu^gative must be made. In pictorial work it is usually satisfactory to print fi'om the 
hack of the negative, for, whether the negative is on film or on glass, there will be 
little or no perceptible diffusion if a concentrated source of light is used and the printing 
frame is not moved during exposure. If, however, the negative is to be on a glass 
plate, a diffused source of light is used, the picture must be the right way around, and 
the utmost in fine detail is required—all of which is a rather unusual combination of 
circnnnstances—then a I’eversed negative must be made, or double transfer must be 
r(5sort(Hl to. 

7Vic 'rissue. —“Tissue” is x*ather a misnomer, since the combination of backing 
pjipcr and gelatin <muilsion is rather heavy. The tissue is sold insensitive, in cut 
slu'cts 8 by 10 in. or in rolls 30 in. by 12 ft. It shoxild be stored in a cool dry place, in 
whic.h (‘ase it will keep indefinitely before sensitizing; if it is allowed to remain moist 
for a.ny length of time, bacteria may grow in the gelatin, and the prints, on develop- 
UKUit, will slvow irrc^gular blank patches. 

A roll of t.horoughly dry tissue is very intractable and very brittle; it is almost 
imj)ossible to unroll and cut it without cracking the gelatin. It may be rendered 
more fU'xibh'. by allowing it to stand for a few hours in a damp atmosphere or, in 
<‘m<'rg('ncy, by st<‘aming it sliglt ly over a. tc;akettle, when it <‘-a,n be easily handled and 
cut. 'The roll should tluui lie pei-mitted to dry out again, and the (uit pificos should be 
ston'd under modc'ratc pn'ssure and allow(Kl to liecome thoroughly dry liefore 
si'usitizing. 

'^riie various colors of tissue diffiu’ to a, c()nsid(u’a.blc extent in (.heir working charac- 
f eristics, as n'gards not only iirinting sptaal but also scale of gradation. One ot the 
pl('a.sant('st. for g<‘n(u-al use* is the Ivory Black, which is a. purc^ translucent black of very 
long scale; being transhua'ut, it takes a (.one from tlie transfer paper, so that a print 
in this tissue' on a. \vhit.(^ paper is a pure lilack, whereas on a toned paper it will have a 
very ph'asing warmth of color (W<'n in the deep shadows. Simai the gelatin ot this 
part icular t.issm^ is hea.vily loaxhal with pigment, it is possilile to ma,ke prints in a high, 
or <'V(m a. nualium, k(\v winch are free from lushu’ even in the shadows. 

Transfer Paper. —Wlu'n the <*arbon tissue is printed, it is the layer of gela.tin whi<di 
is rH'xl th(' iK'gat ivc' that is first insohihilized. Therefore, if it were devdoped directly 
on th(' backing paixu', only (host' portions which had l)(^en printed clear througli th(' 
g('la.tin woid<l adhtn't^ (o t he support, the other a.r('as washing oft, a.nd we should hav(^ 
nuua'ly a silhout'tt.e (»r th(' dc<^|) .sluidows. For this reason, it is ntuHiSsary to transit'!' 
tilt' layt'j- of gt'la.t in to ant)t ht'r supfiort, strip off the backing pa.per, and develop the 
gratia,(itins froiii the back of thc^ laytu' of gehitin. 

Abt)ut. 15 dilTt'nmt, t,ra,nsft'r jiapers of various textiin^s a.nd ctdtirs a,re ctiiiimercially 
availa.blc, tir a, t ransfer paper ma.y ('asily he made by fixing out a. shtad:, t)f liromide or 
chloridt^ paiit'r without exiiosurc tt) light, using plain (nt)t acid) hypti, a.nd \va,shing as 
usual. If this is done, ca.re must bt' taken t.o choose a bromide paptu' which is suitable 
for bromoil work, many of the ctimniercial silvtv jiaptu's having a prt)tetd,ivt^ super- 
ctia.ting of hard gelatin (t) which tlie carbtm tissui^ will not titlhtu'ti. 

In gt'iHM'al, the writtu- prefers tt) make his own transfer paper, which is rtaulily done, 
jis folltiws: 
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SoLUTIOK A 


Water, cool. 

Gelatin.*. 12.0 g. 180 gr. 


Cookii^g gelatin may be used, hut Nelson’s No. 1 Hard is preferable. Allow the 
gelatin to soak until it is thoroughly swollen, then melt in a double boiler. 

SoiiXJTION B 

Water, hot. 

Chrome alum. 


60 cc. 2 oz. 

2.5 g. 36 gr. 


Pour B into A slowly, with consta.nt stirring. The solution must be used hot. 

It is most convenient to prepare the paper in large sheets, later cutting it to size. 
Pin a sheet down on a flat surface, wet a small sponge in water as hot as the hand ca.n 
bear, squeeze it out, and take up with it a small amount of the hot gelatin solution. 
Rub this over the surface of the paper, scrubbing it well into the pores, then hang th(^ 
paper up to dry. Do the same with several other sheets, giving each one a second coat, 
as soon as the first is dry. It is impossible to say definitely how many a,pplications 
will be necessary; a very rough paper, such as a Whatman Cold Pressed Rough, or a. 
very soft paper, may require as many as five; on the other hand, a hard or a smooth 
paper may not need more than two; only experience can tell the precise amount ol 
gelatin necessary. 

When dry, the transfer paper may be cut to size and stored; the chrome alum 
renders it less liable to the attacks of bacteria than is the tissue. It should be cmt 
1 ‘ather larger than the print is to be, say 9 bj’’ 11 or 10 by 12 for an 8- by 10-in. pinnt, 
and it is well to mark the back with pencil, since the coated side cannot be distin¬ 
guished from the uncoated when it is wet, 

Sensitizing .—Many different formulas have l)een suggested for sensitizing thc^ 
f,issue, the best with which the writer is acapiainted being the following, which was 
sugge,stod and worked out by ICirtland Flynn and A. K. Aster, members of the Ora,jige 
Camera Club. 


Water, rli!stille<l. 1000.0 cc >10 on. 

Potasaiiim chroiriiiti^. 30.0 jj;. t40 Kf. 

Citric acid ii„s much as sulRccs t.b neutralize the solution (ahont 22 gr.) will lie nsiuired. 


This sensitizer gi ft's a liliti whicli l>eha.ves very nict^ly during dcvt'lopnumt, mid 
appears to hold g don in tht' high lights b(d.ter tlum any other that has ytd. Ix'tm 
worked out. 

The sensitizer keeps indefinitely and may be ustvl rt^jteatedly if stored in a. brown 
bottle ®r otherwise kept from the light and if Altered ba.ck into the bottle alter ust*. 
kSensitizing may be done in an ordinai'y room, sinc:e the tissue is not sensltivt^ to liglil 
until dry. The .sensitizer should be used at a t.cunperature between and 70°F.; 
it can be used warmer, but if it is too warm the gelatin may be softiuKxl c^xiawsiv<dy. 

To sensitize, pour the solution to a, tlepth of in. or more into a chain tray, talu' 
the carbon tissue by the edges and immense it, face up, in the solution. The tis-siu' 
will tend to curl, coated side in, and should lie pressed down undm- tlie surfacuu Aft.i'r 
about a minute it will lie flat, when it should be turned over, and any adhering bubbles 
should he brushed from the back. Any bubliles which may have adhered to tlu' 
coated side should, of course, be broken liy a light touch of the finger as soon as thi'y 
appear. The tissue is now turned face up, and tlie tray is rocked, k(.‘.eping the tissiu' 
under tlie surface of the seUition, until a total time of 2 ^ min. from the first immersion 
has elapsed. It is then lifted by tw.-; corners, drained for a few s<a*,onds. and laid fac<' 
down on a clean sheet of glass, being lightly s<iucegeed on the back to riimove the 
excess of sensitizer, whim it is strippeq off mid hung up in the dark to dry. 
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An. alfcernutivo tncthod of drying, which takes somewhat longer but gives better 
results, is to squeegee t'be tissue on a ferrotype plate and to allow it to dry there 
Lhe ferrotype plate should first be thoroughly cleaned with water and a mild soap, 
such a.s Oastile, then dried, and powdered with talcum, which is well rubbed over the 
surface and dusked off with a clean cloth. It should not be waxed in the usual manner 
employed when aquea^geeing glossy prints, for the carbon tissue may then refuse to 
adlmre to the transfer paper. Care should be taken to squeegee out all air bubbles 
which nuiy be trapped under the tissue, but the squeegeeing should not be heavy. 
Drying may he hastened by the draft from an electric fan, and, wdien it is complete, 
tho tissue will siuip oh the ferrotype plate. This gives a more satisfactory working 
Hurfacri than drying freely in the air. 

The squ<u>g<‘c \is(h 1 in this a.nd sul)S(Hjuent operations should be of the scraper, not 
flic roller, type. An automobile wdndshield-wiper-blade is too soft, and the ordinary 
photographic scraper sciuecgee is too hard; a satisfactory article is that sold in hard¬ 
ware and housefurnishing stores for cleaning windows. 

All squ(H!geeing should he done from the middle toward the ends of the print, 
the sejneegee must noting sc,rul)hed hack and forth. 

Printing. Tin; sensitivenciss of the difTorent tissues varies somewhat, the blacks 
and blues {>rinl.ing in g<m(U’al a little faster than the browns and reds; further, the 
KensitivcnuiSH varit's to sonui extent with the moisture content, a tissue which is bone 
<lry prini ing fast er t han one winch is not absolutody desiccated. In general, the Ivory 
Black tissues wluai fully dry, i)riiits a trifle faster than a silver printing-out paper, so 
if a print is nnul(\ proof d('('p, from the negative which is to be printed and the carbon 
tissue is |)ririt(Hl for thiaa'-ciuarters of tlic time required for this proof, the result will 
be ab<.)ut right; furtluM', ther(> is considerable latitude in development, so the printing 
need not la' ni(>ti(uilously cxach.. 

Printing should pn'h'rably ta.k(^ plaoe as soon ns the tissue is dry, as the gelatin 
t(mds to b('(a)ine insolubh' (num without c;xpo.sure to light. If printing is to be post- 
pouc'd for any n'uson, the dry tissiu^ sliould he stored in a, lighttight receptacle which 
contalas :i,lso a. small (luantily of (uilcium (ddoridc to k(‘ep the air dry; oven with this 
prec.aution, the tissue will probably not remain iu good condition for more than 2 or 
3 days. 


Wlic^n print ing, it is n('('<'Hsa.ry to have a “.sale edge;’ 


i.e., a, border of at least in. 


and pr(‘f('ra l)ly 'in. with'a ll around l.lu^ tissut! must he protected from light, or frilling 
will lake phict' during dcvt'lopnn'iif. Therefore the tissiih sliou :;. cut 1 in. larger 
ea.ch way than (he negalivt', which latku’ should he masked . . 'i opaque paper. 
Also it is advisabU^ !<» hav(^ a, freshly (uit edge on the tissue; hence this latter should ho 
(rinmu'tl to .si/<^ imnu'(lia.tcly Ix'forc I>rintiiig. 

''rra.nsh'rriiig should (.a.k(‘ i)la,(a^ iinm<alia,Udy after printing, since with any hichro- 
mat.ed colloid Mu'rc i.s a “continuing atdion,” i.e., the printing, once start(*d, takes place 
(a’tui after th<' ibssut' is nunovctl from tlu^ light. If for any nmson tra,asf(u*ring caumot 
be done a,t once, this contitmiiig acllon may Ix^ slightly nd.arded l\y keeping the print 
under heavy pn'ssun* and may he (uitindy arrested by washing tlm print thoroughly in 
e(.)ld water to remove IIk' sensitiz('r. If (his washing is done, the print may be dried 
in the light and may then Ix^ tra.iisr<u're:(l and developed at a future time, even weeks 


lii(('r. 


Tran-sjerring. .-'I'be transfer paptu- should b(5 soaked for a time in cold water to 

soFlf'n l.Iu* gida tin; with a,ii onliiiarily snioof h paper, 15 uiLii. will be enough, wluuoas a 
viu’y rough one iiuiy r('(piin> ' 2 !'*'• Wlum lx>th trausler papt*r and print are rciady, 
(lu! lat((‘r is imnu'rsed, fjie<' up. In a. Iray of (iold water and pn^ssetl down under (he 
surface*. II will at first tepd (o curl u|), fa<X' inward, gradually flatti'ning out as it 
absorlis wati'r. Sliglilly before: it is Hat, it should be phtcetl face to face with (he 
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transfer paper, the two being lifted together from the water and placed on a horiz!< 
sheet of glass, the tissue uppermost. The two are then held together by pressure c 
fingers at one end, while with the other hand they are squeegeed together, 
squeegeeing is not difficult, but there is a slight knack to it, and it should be done 
certain definite way. The squeegee should start a little beyond the middle ,o: 
paper, the first few strokes being light, merely to expel the water and any pog 
air bubbles between the gelatin surfaces. Then, the tissue being held down a, 
other end, the squeegeeing is repeated in the other direction. All water arx' 
bubbles having been driven out by this light squeegeeing, the squeegee is then ap 
more heavily, to press the transfer paper and the tissue into firm contact. This 
of the operation should be very strongly done—though not enough so as to tea, 
tissue—and should be continued until the backing paper begins to rub up in tiny 

When squeegeeing is completed, a piece of lintless blotter is placed on the j 
another sheet of glass is laid on this, and rather heavy pressure is placed on the w 
With moderately smooth papers a weight of 15 or 20 lb. is sufficient; with the 
rough surfaces of transfer paper, it may be necessary to use a copying press. i 
workers prefer to use waxed paper instead of blotting paper, but the writer feels 
if the combination dries out somewhat better adhesion is secured. The print si 
remain under pressure for from 15 min. to 1 hr., the longer time being for the 
rough papers; probably 20 to 30 min. is a good average time. It is then removed, 
between the sheets of glass and is developed. 

JOevelopment .—A tray a size larger than the transfer paper is filled to a depth o:f 
or so with water at about 95 °F., and the transfer paper with its adhering tissue is 1 
from the glass, taking care not to bend it to any great extent and is slid gently int 
water, the tray being then rocked almost continuously. Air bubbles will appe 
great number on the back of the tissue, and these should be lightly brushed off, 
temperature of the water is gradually raised a few degrees, either over a gas i 
or an electric plate or by the addition of a little hot water, until at about 100 to 1< 
—^the exact point depending on various circumstances—the pigmented gelatin w 
seen oozing out from under the edges of the backing paper. This oozing shoii 
allowed to continue for 1 or 2 min., when one corner of the backing paper is lift.c 
means of a fingernail and an attempt is made to strip it off. If it is ready to relei' 
will come away from the transfer paper very readily; if it resists, the corner shovi 
pressed down very lightly and the temperature of the water raised 2 or 3 desj 
when, after a minute or so, airother attempt may be made. When the backing j 
releases easily, it may be stripped off, keeping the entire combination under wate 
using a smooth uninterrupted pull. Resistance to stripping comes from one of 
causes: (1) the water is not warm enough, (2) the print is seriously overtimed, c 
the print has been allowed to dry out too much under pressure. If more thj! 
extremely slight amount of force is used in stripping, frilling or tearing of the 
is very likely to result; the backing paper should release with the very slightest ci 
An indication of the correctness of printing time and of transferring may, per 
be found at this point, since with an average negative, if the work has been pro 
done, the backing paper will probably show a more or less distinct negative ir 
The pigmented gelatin remaining on the transfer paper will be soft and smudgy, g 
little or no indication of an image. 

The backing paper is thrown away, and development of the print proceeds, 
easiest way to do this is to grasp one corner of the transfer paper and jiggle it 
and forth under the surface of the water, raising it from time to time for the diss< 
gelatin to drain off. This operation is continued until all or nearly all the su 
gelatin and pigment have been washed off; quite possibly it will be necessary to 
the temperature of the developing water a few degrees in order to reach the de 
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result. The print will dry slightly darker than it appears when wet, and allowance 
should be made for this, the print being developed until it seems slightly lighter than 
the finished result is to be. 

When the print has reached the proper stage of development, the warm water is 
emptied from the tray, the print is rinsed in three or four changes of cold water to 
set the gelatin and prevent running of the pigment, and it is then hung up to dry. 
When dry, the print may have a slight yellowish tone from the trifle of sensitizer still 
remaining in the gelatin. This may be removed by soaking the print for a few minutes 
in a 5 per cent solution of alum, a 5 per cent solution of sodium bisulphite, or a 5 per 
cent solution of potassium metabisulphite, with subsequent washing. There does not 
seem to be much choice among these three agents; the last is possibly the most effec¬ 
tive, although it is commonly advised to xise alum, on the ground that it tends to 
harden the gelatin, but there seems little point in this, since the dried gelatin of the 
finished print is very hard and resistant in any case. It is not absolutely imperative 
to dry the print before clearing, but it is advisable to do so since, if this is done, 
blisters and frilling are less likely to result. 

There is considerable latitude in the development of a carbon print. One which 
is badly undertimed is hopeless, but if the undcrtiming is not serious, the print may 
often be saved l:)y keeping the developing water relatively cool. On the other hand, 
an overtimed print may be developed at a temperature a good deal higher than 105°F., 
the ordinary practical limit in this respect being about 120°F. The writer has at 
times vised the developing water as warm as 160°r., but this is very likely to cause 
blisters and frilling. If raising the ternperature of the water to 120°F. does not produce 
the desired result, it should bo reduced to about 105°P., and a trifle of any alkali 
should lie dissolved in the water. This is rather drastic treatment and is very likely to 
cause blisters or frilling or even a complete eating away of the gelatin in the high 
lights; hence it should be done very cautiously, and the pi'int should be promptly 
rinsed in cold water when tlie desired result has been attained. The addition of 1 level 
teaspoonful of anhydrous sodium carbonate, or an equivalent amount of any other 
alkali, to 2 qt. of water will have a marked effect. 

Local development ma.y be used to a slight extent. This is done by brushing 
gently over the portions of the i^rint which arc to be raised in key, using a wet tuft of 
loosely pa.cked (lotton or a soft camel’s-hair brusli. Tliis work must be done very 
cautiously, for the gelatin is likely to tear, tlicre licing more vlangor of this in the high 
lights than in the shadows. Pouring water slightly warmer than the developing water 
over the portions which are to be lightened is at times effective, as is also spraying 
water from an atomizer or spray bottle. 

Wlien the fully developed print is dry, it is finished and may then be mounted in 
any desired manner. 

Spotting.—lt is ordinarily advised to save the backing paper, soften the pigmented 
gelatin which remains thereon (using warm water for the purpose), and do any neces¬ 
sary spotting with this pigment (applying it with a pointed brush). The writer 
finds this to be ratlu'-r unhandy a,nd, except in the ease of definitely colored prints, 
such as revls a.nd greens, unnecessa.ry. An ordinary carbon spotting pencil, sharpened 
to a needle point on sandpaixvr, will take care of any black or brown prints satisfactorily. 

Multiple Printing. —Ad<litiona,l contrast may be secured with a soft negative or 
additional ricltness a,nd shadow depth with either a soft or a normal ncigal.ive by 
imiltipki printing. It. is usual, though not imperative, to print first for the high 
lights, adding one or more lighter printings for the shadows. When this is done, it is 
neither necessary nor advisable' to e:lea.r tlui print until after the last priid.ing has b<ien 
added since the additional printings, being lighter than the first, will be developed in 
cooler water. If the first printing has lieen dried before adding the suliseqiient ones, 
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its gelatin will be amply hard to withstand the later processing. If, however, the first 
printing has been light and the later ones are to be heavy, it is well to bathe the first 
one 6 min. in a 5 per cent alum bath before proceeding with the further printings. 
In this case the print must be thoroughly washed, for the alum remaining in the gelatin 
will damage the subsequent prints. 

In multiple printing, the first print is used precisely as the transfer paper was for 
the first printing, the additional prints being transferred to it and developed on it 
exactly as has been described.' It is, however, necessary to adopt some means for 
registering the several printings with one another, and this is most easily done as 
follows: , 

The mask for the negative is made, in the case of a film, of thin brown pressboard, 

and the negative is attached to it by a touch of Duco cement at one end; it should not 

be fastened down all around, or it will certainly buckle during printing. If a glass 

negative is used, the mask is made of cardboard of the same thickness as the negative, 

or slightly less, and a hole is cut in it so that the negative fits snugly in this hole. 

Four register marks are made on this mask, as indicated in Fig. 1, and when the 

carbon tissue is placed in the frame for printing, four 

corresponding marks are made on it with a sharp 

pencil. Then, after the piint has been squeegeed to 

the transfer paper and just l)efore development, four 

marks are made on the face of the transfer paper, 

corresponding to the marks on the backing paper. 

Development then proceeds in the usual manner. 

The carbon tissue for the second printing is cut the 

same-size as that for the first, and when it is placed 

in contract with the negative in the frame, four marks 

are made on it, corresponding to those on the mask. 

When squeegeeing this second print to the transfer 

paper on which the first printing has already been 

developed, these marks are placed in register with 

the marks on the transfer paper. By this means, 

any number of printings may be applied, with the 

, , assurance that all will register witli one another. It 

marks tor negatives. .„ i i , 

will very possibly be found tliat the transfer paper 

will change slightly in size w'ith processing, but the difference is not likely to be great, 

and since by the method indicated it will be split lioth ways, any failure in precision 

is not likely to be troublesome. In general, it is possible to work liy this method 

within yi mm., a difference which is not important except in three-color work. 

This method has been used to produce prints in color, the worker masking out 
certain areas in the various printings, so as to olitain, say, a sunset sky in red with the 
landscape in gi-een, or a still life of a rose with the flowin' red and the foliage green. 
Inasmuch' as the colors obtainable are rather definite and lacking in delicacy, the 
results of this procedure are almost sure to be harsh and unpleasant; those that, the 
writer has seen were witliout e.xception very painful. But liy using various harmon¬ 
izing colors, allowing tlie later printings to take a tone fnnn the earlier ones, results 
may be obtained which are similar, though far superior, to tliose ol)tained by the 
toning of bromide prints. Thus the writer has made a very delightful portrait by 
using a first printing of Red Clialk, printed riithor deep and transferred to a buff transfer 
paper, with five subsequent vdry light printings of Ivory Black. The final print 
ranged from a buff in the extreme high lights to an exceedingly rich warm black in 
the shadows. Of course, for this purpose a very soft negative was used. In general, 
when multiple printing is used, its value lies in the great richness of the shadows, a 



Fig. 1.^—-Mask with registration 
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richness and. transparency akin to that which the paintei* secures by repeated over¬ 
paintings of a transparent color. 

. Double Transfer. This method is used in three-color work or when the print must 
V)e the right way around and iiiust possess very fine detail. It is not, in general, useful 
to the pictorial worker, since it not only introduces an extra—and rather delicate— 
operation, but limits the choice of transfer paper to a comparativelj'" smooth 
surface. 

To make prints by double transfer, secure a sheet or several sheets of the tem¬ 
porary support, which is sold by the dealers in carbon materials, together with a bottle 
of waxing solution and several sheets of double transfer paper. The temporary sup¬ 
port is carefully cleaned with warm water, dried, given a coat of the waxing solution, 
and then lightly polished with a tuft of cotton. The print is transferred to this and 
developed on it as described above. When this operation is completed, the well- 
soaked doul)le transfer paper is squeegeed to the print and allow^ed to remain under 
pressure, between blotters, for a few minutes. It is then stripped off the temporary 
support and allowed to dry in the usual manner. 

Prints on Ivory .-—Carbon prints may be made on ivory, porcelain, celluloid, and 
other materials, using the single transfer method. The support to be used may be 
coated with the gelatin-chrome alum solution, described above, by dipping and should- 
then be dried in a dust-free atmosphere. The subsequent operations are as already 
descril)ed. 

l^rausparencies .—Very fine transparencies for the making of enlarged negatives 
may be made by c.arbon printing, the great advantage of this method being that the 
gradations of the original nega,tive are faithfully reproduced with no danger of loss 
througli incorrectly estimating the exposure and development, as often happens when 
making such transparencies on dry plates or films. 

Instead of transfer paper, a piece of ground glass, which lias been well washed with 
soap and water and thoroughly rinsed, is used. All the operations are as already 
<lescribed, except that the tissue should be printed about four times as long as for a 
print on paper. The tissue is transferred to the ground side of the glass, which needs 
no sp(‘cia,l preparation. A siiecial transparency tissue is sold for this purpose, but the 
writ(M- prcd'(U's to use the regular Ivory Black. If a slight grain in the large negative is 
not obje(d ionable, the transparency may be used as soon as it is dry, but if grain must 
be a.voi<l(al, tlu^ tra,nsi)a,r(m<';y should be flowed with some ordinary negative varnish, 
which will eliminate! the gra.in of the ground glass. 

M-isrcUaneoiis Vo/as'.— Frilling of tlu! print during development may be caused by 
(1) no safe edg(!, (2) hulure to use a freshly cut edge on the (.larbon tissue, (3) e.xces- 
sively hot wa.ter us(!d a.t first iti develoi)ing, (4) striijping before the gelatin has been 
Hulliciiiid.ly sofb^tu'd, (5) sui a,lka,lin(! sensitizer, (0) the use of excessividy hot water for 
developing, (7) development forc^ed with excessive: alkali in the developing water, (8) 
<. 5 xc(!ssive soa.king of the print before scpu^egcicing to the transfer paper, (9) insufficient 
pnvssun! <luring scpua'geeing, (10) failure to a,How the print to remain long enough in 
contac.l, with t.lu! tra,nsf(!r pape^r befon! dcvvelopnuint. Blisters may result from (3), 
(4), (d), (()), or (7) or from a.llowing air bubbles to remain between the print and the 
Irnnsfer pa.i)<!r, wh(!n s<pi(':(!g(!eing. thrilling or blisters may also rosidt Irom the use ot 
insullicient. gela tin on (h(! tra.nsf(!r patJcr or from the use of a.n e.xcessively hard gelatin 
such as that on a supcirc.oated bromidi.! j^apt^r, hut in tliis c^asc the hiilure is more likely 
1.0 b(! a definite t<!a,ring awa.y of tlu! j)rint in larg(! areas tlian a true trilling or blistering. 
It should he nob^d that the failur<! diU! to an excessively alkaline sensitizer or to the 
use of <!Xc.eHsivo alkali in th(! (lev(!loping wattir is more likc^ly to be a breaking down 
of the gradations in the high lights-—a sort of corrosion of tlie thinner portions of the 
print- -than an acitual frilling or blistering. liandling the dry carbon tissue—either 
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sensitive or not—with greasy fingers may cause blisters, though it is more apt to 
result in white finger marks in the finished print. 

The sensitizer may be either slightly alkaline or slightly acid, but the best results 
are secured when it is as nearly neutral as possible. 

More or less contrast may be secured by varying the strength of the sensitizer, a 
strong solution producing a faster printing and softer working tissue, whereas a weaker 
sensitizer gives a slower printing and stronger working tissue. The same result may 
be secured by varying the time of immersion in the sensitizing bath, though the writer 
prefers to accomplish this by varying the concentration of the bath rather than by 
varying the time. The possible limits of concentration, beyond which it is not safe to 
go, are 3'^ per cent for a weak bath, and 6 per cent for a strong bath. 

A carbon print, when dry, may often be waxed and polished to advantage, as 
described in the section on Platinum Printing (see page 478) and here the damage to 
the surface texture is less than with platinum since the carbon print already has a 
gelatin surface which masks the texture of the support. 

From the description given of the process, with the list of possible failures, it may 
seem that carbon printing is a very complicated and difficult operation, but this is l)y 
no means the case. If ordinary care is used, none of the possible failures is likely to 
occur, and with a little practice the entire operation may be carried through rapidly 
and successfully. As an illustration of this, the writer has known a man who did 
carbon printing for a professional studio, many years ago, when carbon was in vogue 
for portraits. This man, working alone for a lO-hr. day, was required, as his regidar 
day’s work, to sensitize, print, transfer, and develop 200 carbon prints a day—which 
would seem to be enough to satisfy almost any amateur. 

Carbro Printing. —The word “carbro” is a combination of the first syllables of 
‘‘carbon” and “bromide,” and the process is so named because it is a method whei-oby 
a true carbon print can be made from a bromide print, without the use of light. In 
practice, the sensitized carbon tissue, instead of being dried and printed under a nega¬ 
tive, is squeegeed into contact with a bromide print while still wet, the gelatin bec.om- 
ing insoluble not through the action of light on the sensitizer but through the cliemical 
reaction between the sensitizer and the silver of the bromide print. Stripping and 
development follow in much the same manner as with carbon, the final result being an 
actual carbon print, exactly as in the previously described process. 

Advantages .—The advantages of carbro are the same as those of carVion, with tlu': 
additional ones that no very strong printing light is required, that enlargements can 
be made without making an enlarged negative, and that multiple prints can be rna,<le 
without the need for registration. 

Disadvantages .—The disadvantages and possible failures are those of carl)on, 
plus the fact that carbro is decidedly more temperamental than carbon, demanding a 
closer adjustment of the controlling factors if succoiss is to result. 

The Bromide Print .—There are two methods of working carbro, the transfer and 
the nontransfer methods. In the former the sensitized carbon tissue is left in (contact 
with the bromide print long enough for insolubility to take place, being then stripped 
off and squeegeed to a piece of transfer paper, where it is developed. In the non¬ 
transfer method, the sensitized carbon tissue is developed directly on the bromi<l(^ 
print, which then acts as the final support for the picture. 

If the transfer method is employed, almost any bromide, chlorobromide, or 
chloride paper can be used, but if the nontransfer method is preferred, care; must 
be taken that the original silver print is made on a paper having a soft gelatin. Most 
of the American enlarging papers are hardened in manufacture, and some hav<^ a, 
protective supercoating of hardened gelatin; such papers cannot be used for non- 
transfer carbro, since it is almost, if not quite, impossible to soften this hard gedatin 
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sufficiently to let the gelatin of the carbon tissue adhere to it. However, any paper 
which is satisfac'tory for broinoil will work well with nontransfer carbro, and there are 
several lOnglish papers of this sort. Kodak Royal Bromide is excellent for the purpose, 
and in this co\intry, the Defender Photo Supply Company will furnish, on order, 
several grades of Velour Black which are specially manufactured for bromoil use. 
Doubtless there arc many other papers which will give good results with carbro. An 
expenenced worker can tell whether or not any particular paper will be satisfactory 
by soaking it for hr. or so in cold water, then judging the degree of swelling of the 
gelatin by feeling it between finger and thumb. 

Phe bromide print should be completely developed as is done with one which is to 
1)0 toned by the bleaching and sulphiding process, i.e., development should be con¬ 
tinued foi at least 2 min. after the print has ceased to gain strength. It should be 
printed a trifle darker than would be the case with an ordinary bromide print since it is 
easier to rtdain gradation in the high lights of the carbro print if this is done. It 
should be fixed in plain, not acid, hypo, and it should not be hardened in any way 
whatever. If the bromide print is slightly blocked up in the shadows, this does no 
harm, since the carbro pi'int will bring out detail which is not visible in the darker 
imrts of the bromide. Any ordinary developer may be used. 

Care must be taken that the bromide print is entirely free from hypo since, if any 
remains, it will combine with the potassium ferricyanide in the sensitizer to form 
FantKir’s reducer, which will dissolve the silver image, causing pale, or even completely 
blank, spots in the carbro print. Potassium permanganate must not be used as a 
hypo (iliminator; the only safe procedure is thorough washing with plain water. 

Solutions licquired.—Two solutions are necessary, the sensitizer and the control 
batli. The sensitizer is nuwhi up as follows: 

Water, <liHtlU('d. 1000.0 ec. 20 oz. 

hichroiiiiito. 12.0 g. 110 gr, 

PotuMHium f<‘rri(iyaiii<lo. 12.0 g, 110 gr, 

PotuHHiuiu bromide. 12.0 g. 110 gr. 

Not<t that potassium ftu-ric.yanide, not ferrocyanide, is used. This sensitizer will 
kts'i) ind<dinit(tly if probH'tttd frorti strong light and nuiy l)e used repeatedly, merely 
julding 1.0 t he bulk from tiuu^ to tinut, as reciuired. 

Th(' (‘.ontrol hath is inadti up as follows: 


I^'orinal(l(diy<lt* (*10 p<*r votil) 

AcmM i<r acid (gliu'ial). 

11 y<Ir<)(dilori<*. ludd (<*.p,). .. . 

dintilliMl. 


050.0 oci. 
30.0 g. 
30.0 g. 
45.0 g. 


22 oz. 
1 oz. 
1 oz. 
1 I'i oz. 


This forms a, stock sohitiou. Probably, after a few days, and especially if the 
.solution is ('xposctl to light, a white precipitate will .sttttle in the bottle. This may be 
till.erc'd off, or it may Himi)ly bc^ ignon^d, jtrovided care is taken to decant the clear 
Holut.ion and to avoid gcitting any of the pnicipitate into the working bath. This 
.sto<hi .solution ke(^j)s indefinihdy. 

For us(‘, take 

Stock Hoiutinn . 30.0 cc. 1 oz. 

. . 1000,0 PC. 32 oz. 


This dilute control ba.th changes in strength as sucoes.sive prints are treated in it, 
therefore! it should not he used for more than half a, dozcui or so and should not be kept 
but should he thrown a,wa.y wlum used. 

Sensitizing. —The! earhon tissue is scujsitized exactly as deseribed in the section on 
( larhon Printing, (except that the time of itumersion should be 3 instead of 21-2 min. 
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At the expiration of the 3 min., the tissue is lifted from the sensitizer, is drained for 
15 sec., and is then placed in the control bath. 

Use of the Control Bath .—The control bath governs the depth of c.olor in the final 
print; a long immersion results in a soft high-keyed carbro, whereas shorter immersion 
gives a stronger, deeper print. Thus it is possible to secure very widely va,ryiug 
results from any given bromide print; there is doubtless a limit to the (jontrol which is 
possible by this means, but the writer has secured a carbro which was hardly more 
than a ghost of a print from a decidedly heavy bromide and a strong carbro from a very 
weak silver print. Hence the time of immersion in the control bath may vary 
between 5 and 90 sec.; probably a satisfactory time for average results will be in thci 
neighborhood of 15 or 20 sec. 

When the tissue has had the proper time in the control bath, it is lifted out and, 
without draining, is squeegeed down on the bromide print, 

Squeegeeing .—The bromide print should have been soaked for from 15 min. to 
3^ hr. in water at room temperature, as described for the transfer paper in tlu^ s(H‘.tion 
on Carbon Printing. It is then laid face up on a sheet of glass, the sensitized a.nd con¬ 
trolled tissue is laid on it, and the two are squeegeed together as in carl)on printing. 

A caution is necessary at this point. The tissue must be carefully lowercal on the 
bromide print and must be held firmly in place while squeegeeing goes on; it must not 
slip. Slight slipping does no harm in carbon printing, but in carbro, sinc.o insolubili¬ 
zation begins as soon as the tissue and the bromide print are in contact, any slipping 
inevitably means a double image in the final print. 

If the transfer method is to be used, squeegeeing should not be so firm or so long 
continued as.in carbon work; it is merelj'’ necessary to secure definite coritiict hetweam 
the tissue and the bromide. If the nontransfer method is preferred, th<m H(pieege(ung 
should be as firm as in carbon work. 

When squeegeeing is completed, the bromide print, with its adhering carbon tissue, 
is placed under pressure and left for at least 15 min. At this point there is a. slight 
difference of opinion among carbro workers as to whether waxed pa,iKu- or blotting 
paper should be placed over the adhering print; the writer’s prefonmeu^ is to use waxcul 
paper and light pressure in the transfer method and blotting papcir with heuiVy pr<^ssur(; 
if nontransfer is being used. 

Transfer Method .—At the expiration of 15 min. or so (sliglitly longau- will do no 
harm), the carbon tissue is pooled from the bromide print and is squeege(sl down on a. 
piece of previously soaked single tran.sfer papc'.r. Here it is loft under i)nissur<i, tlum 
stripped and developed as in carbon printing. If a hard-surbujcd bromide pa.p(u- has 
been used and squeegeeing has not been excessive, the tissue will jxhU from tlu' bromide 
print with only a moderate use of force; if it does not strip easily, son,king in cold watcu- 
may loosen it, but care should be taken not to use violence enough to cause 
tearing. 

If the carbon tissue, after stripping from the bromide print, is iinniedia.t<'ly 
squeegeed to the transfer paper, as is usually recommended, it will very likely fail to 
adhere properly, so that the gelatin will frill or even tear badly when tin; ba.(!king j)a.i)(u- 
is stripped off for development. This trouble may be entirely avoided if, inst(^ad of 
being transferred at once, the carbon tissue is rinsed in several changes of wa,t.er to 
remove the sensitizer, is then dried, and when dry is transferred as descu'ibed for sitigh^ 
transfer in the section on carbon printing. 

When the transfer method is used it will very likely be found tha,t there is a. slighl. 
loss in print quality; some of the more delicate gradations are not n;nd(u-ed so beauti¬ 
fully as in the nontransfer method. For this reason, as well as on account of its 
greater ease and certainty, the writer prefers to work by the nontransf(;r i)roceHs 
whenever it is at all possible to do so. 
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N'ontransfer Method. In this method, the bromide print and its adhering carbon 
tissiie are trea,ted exactly as described for stripping and development in carbon work. 
If, however, the work has been properly done, the carbon tissue will strip and develop 
Honunvhat more frCf^ly than in carbon work aad will be a trifle more delicate and liable 
to injury. lh<n'efore this part ol tlic work should be carried out rather carefully, the 
worker fec^ling his way more slowly and gradually than in carbon. 


Large Prints.-Oixxhon tissue larger than about 11 by 14 in. is not easy to handle 
by the al)ove. metliod, and in this case the sensitizing and control baths may be com- 
biued in the following proportions: 


Water. 

kS(‘n8itiz<‘r. 

control hath 


15 oz. 

16 oz. 


oz. 


8(nhsitize for 2 J '2 niiii,, then proceed with squeegeeing and subsequent operations 
in the usual manner- This combined bath should be mixed immediately before use, 
and should not bo kept over, as it decomposes in the course of a few hours^ even with¬ 
out US(h 

Hard I] aicT. 'In localities where the tap water contains a large proportion of dis¬ 
solved cahvium or magm^sium salts, it will probably be found that the carbro prints show 
n. <leoid(Kl erosion or breaking down in the high lights. It is sometimes recommended, 
in order to a,void this trouble, that the bromide prints receive 5 min. in a 3 per cent 
hydrochloric acid l>atli, tollowed by not less than 10 min. or more than 40 min. washing 
in running water, this treat.merit to follow the washing after fixing or to precede the 
soaking lor s(|u(u^g(Hnng. The writer has not found this technique to be invariably 
su(*:(a^sslul, and lu' pr(‘lers, whei'e the local water is hard, to process the bromide prints 
a.nd tho c^arbon tissues (hrougkoufj up to the point of developing the carbro, in distilled 
waiiU'. 

Wlum dist ilhal wat.cu' is used, or where the local water is exceptionally soft, it will 
probalily Ix^ ruxu'ssa.ry (utlu'r to shorten the time in the control bath or to use this 
bat.h inor<^ dilute^; (lu^ lat.t(M' method is prefei*al)le since it can be more accurately 
adjust ed. Thus t he wrii(u* finds t hat, wlien pro(U\ssing with distilled water throughout, 
h(‘ obtains normal r(\sults wit.h 20 sec. in a bath made up of 


VVntrr... 1000.0 cc. 64 oz. 

SUxOc .solution, . 15.0 cc, 1 oz. 


Obviously, this is .m, uoMl for which ojicli workcu’ iinist adjust for himself. 

Safe ICdge. l ii carbro, as iu (larbon, it is desirable to have a freshly cut edge on the 
carbon l isstu*, and it. is im|)('ra.tive l.o use a. saJ’e edge. This safe edge may be attained 
by simply allowing the <';a,rl)on tissm^ to (extend over tlie print by }y ‘2 in. or so all around, 
in which e.asc^ wax<*d i)a,p<n’ should be pln.eed under the bromide print, before squee- 
gis'ing, HO that, the; ca.rl)on tissmj will not be s(iueege(Kl to the glass at any point. The 
wrili.r fcads it f)re feral .hi, howc^ver, to ma,ke the bromide on a large sheet of paper, 
nmsking ( he i)a.f)<n* so as (.o g«d, I in. or so of clear margin all around the print. The 
(,issuer should (lum be eul. lo such a, size that its edge comes between the printed 
[)or( ion !i,nd ( he ('dg(; of ( Ik. bromich; pa,per. Tims, for an 8 by 10-in. carbro, he would 
use 1 I- by I l-in. pa,pen- and (uit (,h(! (tarbon tissue to about 9 by 11 in. 

A/lcfirealmerit of liromidr Pr-ini. - The effecd, of the sensitizer on the silver image 
is to blea,eh it out, piaadsely as in th(*. (^ase of toning by means of bleaching and sul¬ 
phiding. Tlu> carbro print, having Ixam developed, it follows that there are several 
ways in winch the l)r<>mid(^ print may h(* treated. 

If tiui (ransfc'r itudliod is uH('.d, the bromide print, after thorough washing, may 
1)0 roflevciloixxl in a,ny ordinary developer and used for the production of other carbros, 
exactly as at, first. It should be noted, though, that this bleaching and redeveloping 
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has a slight intensifying action on the bromide print, and allowance for this should Ix'. 
made in the use of the control bath. Owing to mechanical causes, the limit to tins 
use is about six carbros to each bromide. 

If the nontransfer method is used, there are three possililc courses. 

1. The residual silver image may be completely removed with Farmer’s reducer. 
In this case the final result is a pure carbon print. 

2. The residual silver image may be redeveloped with sodium or barium sulphide 
(not sulphite) to a brown, in which case the result is a brown image underlying the 
pigment image of the carbon and adding strength as well as a warm color to it. 
Barium sulphide is preferable to the sodium salt, as it gives a cooler, richer brown, hut, 
if it is used, care must be taken to swab off the scum that settles on the face of thc^ 
print and to give a final rinse after this is done. If the silver image is thus redeveloped 
to a brown under a carbon image in Ivory Black, the whole being on a bull stock, the 
richness and color of the result are very desirable in the case of porti'aits with a dark 
background or in the case of sunny landscapes. 

3. The residual silver image may be redeveloped to a black, using any ordinary 
developer, and may then be left that way or may be made the basis for multiple 
printing. 

Whichever one of these final treatments is selected, the carbro print should always 
be dried before the aftertreatment since, if this is done, there is less danger of blisters 
and frilling. 

Multi'ple Prints .—The making of multiple prints by nontransfer carbro is (^xcecsl- 
ingly simple and easy. The bromide print is redeveloped to a black with any ordinary 
developer; it is well washed and dried; and a second printing of carbon is placed on tlu^ 
first, using the bromide-carbon print exactly as the original bromide was used. Obvi¬ 
ously, there is no need of any special registration, since this is automatically tak(m (uin; 
of by the bromide print, i.e., by the silver image which reacts with the sensitizer t.o 
insolubilize the gelatin of the carbon tissue. It is, of course, apparent that, provided 
there is no slipping during squeegeeing, registration will be perfect even though t he 
bromide print may not have shrunk back to its original size. In the wril.cn-’s opinion, 
the chief merit of carbro lies in the extreme ease with which the great rif'.hm^ss of 
multiple carbon prints may be attained in large sizes. 

Prints in Colors .—It is possible with carbro to prodiuxj pritits in arbitrary (Combina¬ 
tions of colors. Thus, if a landscape is to be printed and it is docsired to luivtc tiue 
foreground in green and the sky in blue, the foreground in the bromide print is bhcachcd 
out, using an ordinary ferricyanide-bromide bleacher, and applying it with a, brush. 
Then a carbro print is made frojn this seinibleached bromide, using a blue tissue wlnm 
only the sky is printed. Then the bromide is redeveloped to a bhude, a,ml th(c sky is 
bleached out, after which the foreground is used as a Icasis for a green ca,rl)ro. In 
general, however, the results of this technique are extrccmely uusatisfac.tory, Ixdng 
harsh and unconvincing. However, it is often the c{\se that multiple prints in difTencnt. 
colors are very pleasing, if the colors are so chosen that they harmonize;, the various 
colors being used merely to modify the tone of earlier or later printings, a,s was 
suggested for carbon work. 

Platinum Printing.—At the time of writing, there is no commercial platinum paper 
on the market, but the operation of preparing homemade sensitized ma.t(;rial, toget lu'r 
with the subsequent printing and processing, is so extremely simple and easy as to lx; 
well within the capability of even the least experienc.ed amateur. The nc.sults 
obtained are in many respects so far superior to those given by any other pliotographic; 
printing medium as amply to repay the slight effort involved. 

Advantages .—The prints are absolutely permanent. If properly developccd, 
cleared, and washed and if made on a good grade of linen paper, platinum prints will 
remain in new condition unless the paper support is destroyed mechanically or ley fire. 
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Variations in total contrast are very easily obtained. Almost any degree of 
contrast may be secured by altering the composition of the sensitizer, and still further 
variations arc possible through varying the constitution of the developer. 

Almost any paper support may be used. This makes possible the use of very 
beautiful charcoal and drawing papers, as well as of vclhims and tissues, so that widely 
varying effects may be obtained l)y this means. 

A range of colors from cold and neutral black through gradually increasing warmth 
of brown, even to sepia and red, is easily secured by slight changes in the developer. 
Further, these colors do not involve any loss of permanence, as is often the case in the 
toning of silver papers. 

Platinum gives a very long scale of gradations and renders the delicate tones of the 
negative better than any other medhun. 

There is no gelatin eiaiulsion, therefore the image does not interfere with the 
spectator’s appreciation of the texture of the support. This is a characteristic which is 
highly esteemed by those artists to whom fine print quality is of importance. 

Platinum is by far the easiest photographic printing process, so far as technique is 
concerned; it is vastly easier to make a good platinum print than it is to make a 
bromide enlargement or a gaslight print. 

Disadvantages .—It is rather expensive. At the current prices for chemicals, an 
8- by 10-in. print costs about 40 cts to make, and an 11 by 14 in. about double that. 
Against this, however, must be set the fact that the cost of developer is practically nil, 
the cost of clearing baths very slight, and there is no reason whatever for failures. 
With a little care, the worker can count on complete success in this work. Of course, 
to those workers who wish a few fine prints rather than many mediocre ones, this 
matter of cost has little importance; one good platinum print is more to be desired 
than a thousand ordinary bromides or chlorobromides. 

Internal modifications of values are not easily made. In this respect Fresson, 
gum, and bromoil are superior to platinum, for, althoug'h it is possil)le to modify values 
by brush development of the print with a developer dihiksd with glycerin, the results 
are not usually very satisfactory; good prints have been made with this technique, 
it is true, but in gcmeral they are likely to look more like wasli drawings than like 
photographs. 

Platimim is definitely a contact process. Fnlargements have*. ])een made on 
platinun\ pap(!r, but only with very special apparatus, and as a rule it ts necessary, if a 
large print is (hvsired, to make an enlarged negative. This is due to tlie relative slow¬ 
ness of printing, and as a corollary it follows that for c.(>nta.ct printing a strong light is 
required. This involves tlie use of sunlight, a carhon arc., a nnuauiry-vapor lamp, or a. 
sunlight lamp of the type siipplied for therapeutic use. Any one of these is satis¬ 
factory; probably the l)est is the mercury-vapor lamp, a,ml next to it the (sarbon arc. 
Suidight is, of course, the; ch(;a.p<ist, as well as the most variabhn 

'Fhe Negative .—It is commonly said that platinum requires a strong negative, but 
this is by no means the case; exquisite prints in either high, medium, or low key may 
be made from soft negative's, and tl^{^ possibilities of variation are such that excellent 
results may he obtained from any negative of rea,sona,bl(>. quality. It is, however, 
true that pla,tinum has suc.h a long scahi of gradation that to exhaust its possilrilities a 
rather contrasty migative is n(ied('.d, and it is further true that for average results with 
an average semsitizer the nega.tive should l)e somcnvhat stronger tha.n for average 
results with a medium grade of chlorides paper. Still, practically any quality of print, 
can be obtained from any quality of tuigative. 

It should be noted, though, that for a given degree of contrast a finer print will be 
secured from a thin negative tha.n from a dense ont^, i.e., if we have two negatives of 
the same contrast, one of them thin and the other dtmse, the former will give tlu*. 
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sweeter print. This is by no means true of platinum alone but holds good with most- 
printing mediums. 

The Paper .—Practically any paper which is neither too absorbent nor too highly 
sized can be used. Satisfactory results have been obtained on Whatman Cold Pressed 
drawing papers, on Strathmore, Michsillet, and Palanne charcoal papers, oti Strath¬ 
more Alexandra Japan Vellum, on the Shidzuoka Vellum of the Japan Paper Com¬ 
pany, and on various linen letter and typewriter papers. 

To determine whether or not any given paper will work well, pin a piece of it 
about 8 by 10 in. on a table, pour on it % dram of water, and brush this water liaek 
and forth with the sensitizing brush. If the paper is surface dry, or nearly so, in hiSS 
than 30 sec., it is too soft and should be sized (see page 483, under Multiple Printing) 
before use; if it is still wet after 2 or 3 min. of brushing, it is too hard, and should b('; 
rejected. 

It should be noted that different qualities of paper give very different contrasts. 
This will be discussed later, under Increased Contrast, page 482. 

Sensitizing Brush .—This should preferably be a flat Japanese paintbrush, as sold 
in various Japanese art stores. The advantages of this type are that the liristhvs are 
short and are set in a thin row, causing little waste of sensitizer, and that no rnetal is 
used in its construction. Three inches is a convenient width for prints up to 16 by 
20 in. 

If such a brush is not readily obtainable, a painter’s graining brush may lie used, 
though if this is bound with metal, some steps should be taken to protect the semsitizer 
from contact with the metal ferrule. This may be done by diluting Dneo cement with 
a mixture of acetone and alcohol and introducing a sinall quantity of the dilutis 
cement among the hairs, at their base. Capillary attraction will spread it, forming a. 
base past which the sensitizing solution will not go. It will also shorten the (dTeedive 
flexible length of the hairs, but this does no harm, since the hairs in such a brush are 
longer than necessary. 

The Solutions .—Make up three solutions, as follows: 


Water (distilled), warm.. 

Ferric oxalate. 

Oxalic acid. 

Water (distilled), warm.. 

Ferric oxalate. 

Oxalic acid. 

Potassium chlorate. 

Water (distilled), warm.. 
Potassium chloroplatinite 


Solution I 

. 55.0 cc. 

. - .. 15.0 g. 

. 1.0 g. 

Solution II 

. 55.0 cc. 

. 15.0 g. 

.* 1.0 g. 

. 0.3 g. 

Solution III 

. 05 c.c. 

. 13.0 g. 


2 oz. 
240 gr. 
IG gr. 


2 oz. 
240 gr. 
IG gr. 
4 gr. 


2’*?^ oz. 

219 gr. (equals T oz. avoir.) 


Note that ferric, not ferrous, oxalate is used. This should bo in thc^ form of dry 
bright-green scales. If the scales have a brownish tinge or show any ton(lon(*y l.o 
stick together, the sample is stale and should be rejected; this cluuni<*a,l must l)(^ 
perfectly fresh. Note also that potassium chloroplatinite, not chloroplatinal inust 
be used. This has the form of bright ruby-red crystals, the chloroxdal inn-tcdxnng 
yellow. No trouble is likely to be caused by the other clieniicals, provided n^rusonably 
pure samples are obtained. • 

These solutions are the basic ones from which the actual sensitizer is maxh', arid 
they should be protected from strong light. A convenient plan for storing and 
handling them is to keep the solutions in three properly labeled brown-glass 2-oz. 
dropping bottles, with a medicine dropper in each. These droppers should he of the 
guaranteed type, giving drops of equal size. If a single dropper is used for all three 
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MolutioiiH, it should be well rinsed in distilled water before going from one solution to 
the next. 

The sensitizing solution is made up as follows: 


Kor v<M‘y Hoit priuiH: 

Solution I. 

Solution II. 

Solution in. 

for UHXlnriit(4y soft prints: 

Solution I. 

Solution n. 

Solution III,. 

for piinls: 

Solution I. 

Solution 11. 

Solution III. 

l*'or Ntrouble prints: 

Solution I... . . . . 

Solution II. 

Solution III. 

for v(‘ry.stroiiM: prints 

Solutii>n 1.. 

St>lut ion II. 

Soluti(>n HI.. 


22 drops 
0 drops 
24 drops 

18 drops 
4 drops 
24 drops 

14 drops 
8 drops 
24 drops 

10 drops 
12 drops 
24 drops 

0 drops 
22 drops 
24 drops 


Note'! t.hiit in (‘a(4i of the solutions the aino\int of III is always 24 drops; that the 
sum of I and I I is always 22 drops; and that increasing the proportion of II with respect 
to 1 inen^ases (Contrast.. 

Tlu^ r('.<iuired luanlxa- of drops may he. measured into a small graduate; a very 
slight a.m<>uat of sliakiag will mix the solutions snfliciently. The amount given—46 
drops is a satisfaxd.or.v (pmatity for an 8- by lO-iii. sheet of average paper; a very 
rough pa j)er, such as Wliataian Itough, may need perliaps 50 per cent more by volume. 
t^('n.siti:-in(/. 'Tla^ ])ai)(‘r (.o be sensitized should he cut slightly larger than the 

m'gat.ivc is lo l)e printed.-say, 10 by 12 in. for an 8- by 10-in. negative—and 

should be piniH'd down on a, smooth l)oa,rd. Guide lines may be drawn in pencil on it, 
to indie.at.<^ t 1 h^ ('xaet. a.r(“a, wlii<di is to b(' sensitized, but it is well to sensitize a slightly 
largm- an'a. t han that, of t lu*. n(‘ga,t.iv(^, so tha.t. the (excess ma,y be used as test slips in 
print ing. It is (he^ writer’s i)ra.eti(‘.<’i to semsitize a.n area 8 l>y 12 in. for an 8- by 10-in. 
negative, this giving two. t.c-st. strips 2 by 4 in. 

'riie brush is w(‘U('(l under a. Fa.uee;t of cold wa,t(n- a.n(l is shalcen out slightly. The 
sensitizer is lhei» |)our(‘d in a. ])ool on t.lx': |)a,p(u- and is spread back and forth over the 
I)!i.p('r with the br\ish. It is not. n('<a‘ssa,rv to work very rapi<lly, nor is it necessary to 
b(' nu't.ieuIoiiH in spn'ading the solution (W(mly, as is the ease in gum printing. In 
pla t imini woi'k lh<' j)rint.ing go(^s .just. a.s la.r as tlx^ light a.(‘tion c5a.llH for, a,nd il there is 
(mough st'iisit izer in ati.v a.r(^•l. to take (•a.r<i ol t his light. a(d.ion, a sa.tislaetory print will 
l•esull <‘ven thuugli lh(^ paper ma..v Ix' v<ay uix‘V(mly scaisitized. However, it is well to 
sJ)r(^‘xl t Ix' solut ion jis unifortnl.v as is convenient. 

Brushing is eotit.inued until the |>ap<*r begins t.o lx; surfn.ee dry, wlxrn the paper is 
hung up in llx' dark for drx ing t.o Ix' e,()mpl<‘t.(‘d. TtanpcM'a.tur(' a.nd luuuidity in the 
(Irving I’ooni slxxild be .sindi (ha t. t.lx' pa.p<‘r i.s boix( dr.v' in I rom 10 t.o 20 min., but it 
t Ix'se conditions arc not obtainabli', drying ma.y h(( (xnnplet.ed ov<n- a, ga,s stove or an 
(doetrie |)l:u((“. If this is done, eai'<“ must. lx‘ (.a.kem to s(H! that the sensitizer is not 
scondxxl. 'I'liis will (x-eur long Ixd’on^ the: pa.p(M- it.self shows any signs of seorehiiig 
and will r<‘sid( in um'V<‘n :uid irrianovahh^ a.re:as of e:xe.((ssivc^ darkne^ss in the piiiit, 
fiirllx*!', this seorehing ()1 (lx: sensit.iz(‘r is not a.[j[)ar(!nt until alter the print is 
<i(‘V<‘lo|)e(l. 
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The sensitizing may be carried out in an ordinary room or by the light of a 100-watt 
Mazda lamp, since the paper is only slightly sensitive while wet. 

Brush and graduate should be well washed under the faucet immediately on 
completion of sensitizing. 

Printing .—As has been said, a strong light is required for printing, and, as with 
any paper, the time will depend on the density of the negative and on the character 
of the result desired. It is the writer’s practice to make negatives somewhat softer 
than the average, and in unobstructed July sunlight or 15 in. from a 110-volt 15-amp. 
twin carbon arc, using White Flame carbons, the printing time ranges between 2 and 
6 min., with the sensitizer for average results. The printing time will vary slightly 
with the different sensitizers, those for stronger prints requiring somewhat more time 
and those for soft prints a little less. If the carbon-arc lamp is tised, White Flame 
carbons are preferable to the Panchromatic. 

When printed, the image will appear brownish yellow on a yellow ground, b\it it is 
not distinct enough to serve as a guide to timing, and test strips should l)Ci printed and 
developed before printing the full sheet. 

Developing .—^The developer is made up as follows: 

Water, warm... 1500.0 cc. 48 oss. 

Potassium, oxalate. 500.0 r. 1 lb. 

In some localities, where the water is very hard, it may be advisable to make this 
up with distilled water, but as a rule this is not necessary. 

The developer is ordinarily used at room temperature, i.e., from 65 to 80°F., 
moderate variations in temperature having little effect on the results. A tray a size 
larger than the print should be used, the developer being poured into this to a depth 
of in. or so and the print being slid in face up, so that the developer covers the print 
with an even sweep. If there is any stoppage so that the print is not evenly covon'sd, 
development marks may occur at normal temperatures and are certain to result when 
the developer is used warm. 

Development should take place immediately after printing since, although there is 
no continuing action as there is with bichromated colloid processes, the paper is very 
hygroscopic, and if it absorbs moisture from the air, the print will have degraded 
high lights. 

At normal temperature, development will require 3 or 4 min. and should b('. cson- 
tinued until it has gone as far as it will. In the case of an overprinted print., it is 
sometimes possible to save it by withdrawing it before development is <mmplet<\ but 
this is uncertain and should not be depended upon. An undertiinod print (•.annot l)e 
forced after development has begun, though if underprinting is discovered before 
development, the print can sometimes be saved by warming the developer. 

Clearing .—The clearing bath is 

2000.0 oc. ()0 o/,. 

35.0 cc, 1 015 , 

The print should be given three successive baths of the above stningth, after which 
it is washed in running water (or in half a dozen changes) for a few minutes and is 
hung up to dry. Clearing must be thorough, to remove all the iron salts from the 
paper, or the print will gradually darken on exposure to light. 

Increased Contrast. If sufficient contrast cannot be obtained by varying the 
sensitizing solution, as given above, still further contrast may be obtained by printing 
to normal depth but in a very weak light, so that a long time is required. If still more 
IS desired, it may be secured by overprinting and by adding a small amount of potas¬ 
sium bichromate to the developer. It is impossible to give precise instructions as to 


Water. 

H3^drochloric acid (c.p.) 
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the <|iiaiitity of this chemical to use since this depends on the balance between printing 
time and contrast desired. However, a lump the size of a large pea in 32 oz. of devel- 
opcsr^ will have a marked effect, and even greater amounts may be used. If this 
modifica1.ion is carried too far, the prints will have a granular appearance. 

With any given sensitizer, the use of a hard-surfaced paper gives more contrast 
than a softer, i.e., a more absorbent, one. This is due apparently to the fact that the 
hai’der paper requires longer printing in order to keep the sensitizer on the paper in the 
flf?ht(u areas, and while this longer printing is taking place, the shadows, of course, gain 
in depth. Ihis tact may be used to advantage when printing from a soft negative ' 
and slujuld, ol course, be allowed for in any case when adapting the sensitizer to the 
nega.tive and to the desired result. 

Docremed Contrmt .—It the prints have too much contrast even when the softest 
working Hensitiz(ir is used, setter effects may be obtained by the addition of a very 
small amount of hydrocdiloric acid to the developer. Again, it is impossible to say 
pnM*.is(ily how nuudv to use, but a perceptible effect will result if a finger is dipped into 
filu^ i to 00 ck'aring l)a,th, and the adhering acid is stirred into the tray of developer. 

Another method for diminishing contrast is to print lightly and heat the developer, 
though herci also tlie balance must be determined by circumstances. In extreme 
eases, t.h(i writ(^r has d(iV(fioped prints at 200°F., but this is rarely necessary, about 
150 l)(‘ing the ordinary limit. It shoidd be noted that a warm developer not only 
cuts <lowu contrast, but also gives warmer tones in the finished print. 

(Udder 'lUrncs. —Blue-black tones may bo secured by using a developer made up as 
follows: 


Wal.iT, warm. 1000.0 cc. 48 ox. 

Pot.iiMHhini oxiilatc'. 180.0 g. 9 oz. 

JMouohiiHif', potaHHiuiii phoHphaif*. 60.0 g. 3 oz. 


d'his must be used (‘.ool, i.c., not above 70°F. 

ll’anacr Touch. —A warm black or even a lirown tone may bo obtained by using a 
hot, dev(‘loper, as (h'seribed above. If still more warmth is required, it may be 
obtained with normal printing time by the addition of mercuric (not mercurous) 
cliloridc'. to t,li(^ (l(ivelop(u-. The a.mount to us(^ must be decided by the worker, but 
(iO gr. \H'r 32 <»z. ( I g. p(n' libn-j of develoiier will have a decided effect. It should be 
not<Ml tha.t m(U-(niri(i c.hlorichi (which is also known as bichloride of mercury and 
as corrosiv(‘ sulilinuite) is a. da,ngerous poison and should be handled carefully. 

M uliiple lU-inlinq.- —If. tlirough tlu; softness of the n(!gative or because of incorrect 
choice of a. sensit izing niixtun', th(^ ])rint lacks the desired contrast when finished, 
mor(‘ stnaiglh nia,y b(‘ givmi it by s(msitizing and printing a second time. The 
H('nsit.izing may be c.a,rri('d out (!xa.(d,ly as a,t first, and printing may, of course, be either 
full or part ial; i.e., a. c.oniparativcdy liglit printing may be given, merely to add wmight 
to t h(' sha.dowH, or t lie second sensitizing may be printed to the same depth as the first, 
when all t.lie gradat ions will luvve a widght e<iual to the original added to them. 

No special met hod of ri'gist ration is needed a,s with multiple printing in carbon and 
gum. Th(' si'iisit.ized print is sinqily jihiced on the negative in the printing frame and 
niovi'd about with the lingers unl.il it is in register, this point being clearly visible if 
I h(> negat ive and print, arc viewi'd by strongly concentrated transmitted light. It may 
b(' t.luit t,h(‘ (irst i)roci‘ssing has lamsed the print to shrink so that perfect registration 
cannot be obtained; in this casi' the worker must use his own judgment as to whether 
to sjilit, th(‘ dilTerenc<' Ibrough the imt.in' print or to register certain port,ions—say, 
t he ey<‘M in a, port,rail, - a-nd h'l, t,he n^st of the picture be out of register. In any case, 
the ditferenco is not, likely to lie great enough to he olijectionable for pictorial 
work. 
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It will very likely be found that the first processing has removed the size from the 
paper to such an extent that it must be resized before the second sensitizer is aj^plied; 
also, some papers will require sizing before the first sensitizing. The operation ot 
sizing may be carried out as follows: 

Sizing .—Make up the following solutions: 

Water, cool 
Gelatin.... 

Cooking gelatin is perfectly satisfactory. Allow the gc^latiii to soak until well 
swollen, then melt in a double boiler. 


Solution A 


350.0 cc. 
12.0 


12 oz. 

180 ji;i . 


Water, hot. . , 

Chrome alum 

Pour B into A while both are hot, stirring constantly. Pour t he hot solution into a. 
tray, and immerse the print or paper in it, allowing it to remain until w(^ll sosiked, then 
hang it up to dry. There will undoubtedly be bubbles on the surra<a'- ol the paix-i’i 
but these may be removed by drawing the paper over the edge of thci tray wlum taking 
it from the size or by wiping the surface with a glass stirring rod or a soft automobihi 
windshield-wiper blade. 

It may be found that this gives a heavier sizing than is desired, in whic^h (‘.a,.s(^ tlu‘. 
size may be diluted with hot water to the desired point. The size should Ix' kept 
warm when in use, and after sizing one batch of paper or prints, it should Ix^ t.hrown 
away, as it does not work well if allowed to cool. 

Brush Development .—If local modification of values is desired, the only way it can 
be attained is by brush development with glycerin. The mateilals rcxpiiiaxl a.r(': two 
or three soft cainel’s-hair brushes of different sizes; a supply—16 oz. or so—of glycxu-iu; 
a sheet of glass somewhat larger than the print; developer; thnai small recxqitaeh's, 
such as 1- or 2-oz. graduates; and a plentiful supply of clean ha.rd-surfa.eed blottcu’s. 
The print should be timed much more fully than normal. A layer of gly(*(UMii having 
been placed on the glass, the print is plastered down on this. A ra,t.her thick (‘.oa.t of 
glycerin is then painted over the surface of the print; the gra,duat<^s a.r(' lilledoiu* 
with clear developer, one with a mixture of equal parts of devedoper and gly(xu'in, a.n(l 
one with clear glycerin. The various areas of the print are then developed by brushing 
one or another of the solutions over the surface, as required, and blotting freely from 
time to time. The function of the glycerin is to retard development and giv(‘ oppor¬ 
tunity for what local bringing up of values may be desired. When the opeu’a,! ion ha,s 
gone to the desired point, the print is cleared and washed as usual, the final opera,t ion 
being generally to place the finished print face down in the ash ca,n. It will l*t^ a.i)pa,r<'nt 
that the desirability of the results depends almost entirely on tlie work(‘r’s nmniuil 
dexterity and his appreciation of the tonal relationships uecessiiry to j)ro<lu(“(i a. sn.t.is- 
factory picture, this latter point being one in which most aniatcmr i)h()tograpluu-H (ami 
professionals also) are notably weak. However, it must be admitted that very fine 
pictures have been produced by this method. 

Gum Platinum .—If it is desired to increase the depth and richiuiss of f lu; sha.<h)ws in 
a platinum print, the finished print may be given a coating of a gum-pigin(;nt inixtun;, 
as described in the section on Gum Printing. This gum c.oaf.ing is print<'(l a,nd 
developed in the usual maimer. This treatment often adds tnmuuidously to the 
appearance of the final print, though it destroys the charaiiteristii; Hurl'ace texture of 
the platinum paper. It is almost invariably necessary to size the pap(;r l)(;fore ajiply- 
ing the gum coating, and it will probably be found that a more dilute size than that 


Solution B 


00.0 PG, 

2.5 iz;. 


2 oz, 
30 Kr. 
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recommended under Multiple Printing is desirable. This, however, each worker must 
decide for himself. It should be noted that gum-platinum printing is much easier than 
straight gum printing; it is usually possible to get the same richness and depth of tone 
with one printing of platinum and one of gum as with six or seven printings of gum 
alone. 

Miscellaneous Notes .—Having no gelatin enudsion, platinum prints have no 
tendciK'.y to curl; once flattened, they remain flat. 

With most papers, the surface has much more tendency to rub, (rspecially when wet, 
than is the (;ase with l)romide or gaslight papers. Therefore: platinum prints should 
never bo processed in bulk, and they should be handled with some care. Damp or 
dirty fingers placed on the surface of the paper at any time betwben sensitizing and 
development will be almost certain to leave marks. 

Platinum paper is very hygroscopic and, if allowed to become damp, will give fogged 
or degraded prints. Tlierefore it should be sensitized immediately l)efore use and 
developed as soon as printed. If it is to be kept for any length of time, it should be 
stored in an airtight receptacle with a small amount of calcium chloride, which, being 
even more hygroscopic than the paper, acts as a preservative. Even so, the length of 
time which the pa,per c,an be kept withotit fogging is about 3 months. Old or fogged 
paper can often be salvn.gcd l)y the rise of a small amount of potassium bichromate in 
the developer, as descrilied under Increased Contrast. 

Sometimes, through improper choice of paper or of sensitizing formula, the dry 
print may have a dull, sunken look in the shadows; this occasionally results also from 
letting the print soak too long in the developer or the clearing baths. In such a case, 
the lirilliant appearance of the wet print may be restored by simonizing, cither 
Simoniz wax or Old English Floor Wax being used; the former gives the print a 
slightly gria'uish ton(‘, the hitter Inung a pure yellow. The wax is brushed as evenly 
as convxmicuit ovau' the surfa(‘.c of tlu^ dry print and is then polished with a rather stiff 
scrubbing brush, such as a na.il brush or a vegetable brush. This polish, of course, 
destroys l,he cliiira,cterisl,i(i surface texture of the paper, a,nd if this is not desirable, a 
marked lighbaung of tlu' sluidows nuiy be obtained by applying the wax as described, 
th('n melting it into tlu' pa,p(U’ over a gn.s flame or an electric plate, taking care not to 
set tlu' turpenlinc' in t.lu' wax afire. ’’I'lie polishing should not be omitted, or the wax 
will probably go into the paper umwcuily, causing streaks. The yellow tone thus 
obtaiiu'd is ofl.en v('ry va,lua,l>le in ( lie ca.s(‘ of portraits or sunlit landscapes. It should 
1)0 noted t liat this waxing opera.tion tends to nia,ke t.hc jirint more brittle, so a waxed 
print must, be luimlliHl rat her more' c,a,refully than an unwaxed one. 

Various methods of toning phitinum prints to red, blue, green, and other colors 
luive lieen suggest,ed. Kiiu’c these depend (diiefly on tlie use of salts of iron or uranium, 
they im[)air the ix'rnuinence of the jirint.s and are not recommended. Von Hfibl has 
shown tliat t.lie warrnt h of tone secured by t.he use of mercuric chloriilo does not depend 
on th(‘ a.(l<lit ion of a,ny ot her substaix-e to the pla.tinum image l)ut is solely a, question 
of the grain size of the d<'[)osit<'(l inetal. Therefore a properly cleared and washed 
print is as p<‘rma.n(M)t if (h'veloped wit.b mercury a.s il {irocessed ior a pure lihick. 

Unless working on a, vei’y large scale, it, is not worth while to salvage the phitinum 
from the ch'aring b:i(,hs a,ml t he trimmings of pa,t)er. Mowi'ver, the developer should 
never he thrown a.wa,y; ag(“ does not, impa,ir it.s working (iiuilit.ies, a.ml an older (level” 
oper will cent,a,in a, consid(‘ra.ble (iua,n(ity ol ])la.(.inum as wcdl a,s ol iron. J his forms a. 
sludge at t.he bott.om of (he bot.th*, a.nd lor use t,he clear solut.ion is poured oil. A 
certain a,mount of the solution, of <a)urse, a.dheres (,o the prints, so that the total Indk 
must be ki'pt, up by (be oc.c!isiona.l a.d<li(,ion ol new solution, but, (he main body of 
solution should nev'cr be (,brown oid.; t he developer which ( he writer is now using dates 
back at least, 25 years and is giving ixu-fec.t n'sults. 
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If potassium bichromate is used in the developer, this chemical is used up and must 
be renewed from time to time. This is not the case with the bichloride of mercury, 
which never loses its effect. 

Trays and graduates should be kept scrupulously dean, or the prints may show 
white spots. If enameled trays are used, care should be taken to avoid those which 
are chipped or cracked, as the presence of iron in the developer may cause blue spots 
in the prints. 

Gum Printing.—^The printing process which is variously known as the gum 
process, the gum-pigment process, and the gum-bichromate process is the most flexible 
and at the same time one of the most beautiful of all photographic printing mediums. 
It is commonly believed that it is a difficult process to use, but this is by no means the 
case. The trouble lies in the facts that it is extremely flexible and that the avera.ge 
amateur approaches it in a hit-or-miss fashion, so that he becomes confused among the 
great number of variables inherent in the medium. But if anyone will systtunatiiac; 
his work, operating along definite lines and varying one element at a time, hti will find 
that the process, though somewhat laborious, offers no difficult.i(>s of any conseciuenc.e 
and that the beauty of its results well repays the necessary effort. 



Fig. 2.—Diagram showing cross section of paper used in gum printing. 

Gum is analogous to carbon and Fresson in that it d(^pends on the insoluI>iliza.t.ion 
by light of a pigmented bichromated colloid film produced by light, but it differs from 
these processes in that the colloid used is gum arabic and that devidopirumi, is (d’feet.ed 
simply by floating the printed paper face down on cold water. Also the. i)n,p<u' is not a 
commercial article but must be coated l>y the worker himself. 'Tlun-e is still a furtlun’ 
difference, which has a profound influence on the results and whic.h is illustra.i.(Ml in t.lu^ 
accompanying sketch. In this sketch it is seen that the outer portion, or la.y<u', of the 
gum film becomes insoluble first, when printed under a negative, a.nd that this insolubUi 
layer adheres to the high points of the paper, allowing the soluble gum aiul pigment 
to seep out through it. When the fully developed i^rint is dricul, this insolubU^ Ia,y(‘r 
retracts into the hollows of the paper, tlu.is adhering to-the; lattcn* wherever the gum 
has been insolubilized. From this it follows that the gum-pigment emulsion must ho 
sfiread very thiidy on the paper, or the soluble gum will not se(^p out through 
overlying insoluble layer l)ut rather will tear it off, causing flaking of tin; prin(,. From 
this thinness of the emulsion it follows that single gum is a very short-se.a.h^ {)r<K‘.(\ss 
and does not give rich blacks. If rich black are to be seeured, it is luuuissary to resort 
to multiple printing, from three to five coatings and printings being rtMiuireid for a 
very deep black. If a loivg scale is desired, from five to eight printings will be 
demanded. It is this ncuxl for multiple printing which makes the proc.eiss laborious, 
but on the other hand it offers an ex(‘.eedingly valuabh^ means of control, as by this 
method it is possilde to render the gradations of a negative whicdi is fa.r too strong for 
any other printing procuiss and it is also possible to cinphasizc any desinul sed, of tom^s, 
either high, middle, or low, by varying the manner of coating and the tiinc! of printing. 
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Advantages .—If the paper and the pigiiieuts are eoiToctly chosen, the prints are 
absolutely permanent. 

Almost any color or texture of support may be used. 

Almost any color or combination of colors of pigment may be used. 

Modifica.tions of total contrast are very easily made. 

It is extremely easy to make modifications of local values. 

Multiple gum printing offers a longer scale of gradation than any other printing 
medmm. 

Extremely rich blacks may I'oadily be obtained. 

It is (jommonly believed that gum printing is snitalilc only when very broad effects 
arc desired, but this is far from true. By the proper selection of papt^r as line detail 
may be obtained as on a medium rough bromide or chloride paper, though not so fine 
as on a glossy or semimatte surface. 

Gum is the cheapest of all printing mediums. 

Disadvantages .—Like mo.st of the quality mediums, gum is suitabhi only for coritact 
printing, as it requires almost as strong a light as carbon or platinum. Hence it 
follows that for large piints, an enlarged negative is required. 

It is somewhat la,l)orious to handle. 

We will now consider the actual working of the process. 

The Negative .—The ideal negative for gum printing is one which has so short a 
scale of gradatioii that it can be fully rendered in one printing of gum. Additional 
printings are \ised mcnchy to a,dd weight and contrast. However, this is by no means 
imp( 5 ra.tive. By multiple printing and vai'ying the times of exposure so as to register 
succesHiv(dy the high lights, half tones, and shadows, it is possible to render satis¬ 
factorily a negative of practically any dcigree of contrast. In fact in this respect 
multiple gum is far mor(‘ Ilexihle than any other i)rinting nn'.dium. 

As is the case! with other printing mediums, for a, given doigree of contrast a thin 
ivegative is pref<'.rable to a. dense one. This holds good with gum to an even greater 
degre(^ t.ha,n with platinum, carboTi, or Fresson, so on all accounts it is desirable that a. 
negative which is to b(‘ us(mI for guui printing have full exposure: and brief development. 

The Paper .—This must Ixi a, stock which will stand prolongcrd soaking in c,old water, 
a.nd it must hav(^ a. slight tooth or grain. As may be inferred from the sketch and 
from th<^ accompanying remarks, it is practi<;ally impossible to ma,k(^ a gum print on a, 
very smooth surface, sinc.e tlu! iusohibhi layc'.r of gum must have slight irregularities to 
which it ca,n adh(*rei. A ^n'int on a, p(irfectly smooth paper will l)e: merely a silhouel.b', 
onl.v those portions of the film adhering which have been printed ch^ar through tlu^ 
(unulsion. A print on a. smootli surface', can, it is tru(!, be ma,de by stippling tlu' gum 
emulsion whil(> it is still t.ac.ky, in tlu^ pixxu'ss of coa,ting the pa,per, but the lasidts are 
not satisra,ctory. . It is not luxx'ssary, howev<;r, to use a very rough pap(U-; tlus textun^ 
of the ordinary skcl.ch pa,ds whicli art^ .Sold in art stores is rough <mough. II desired, 
for broa.d effi'ct.s, a.lin(),st. a,ny ch'gre^e^ ol roughius.s i.s admissiblej the writer has made' 
('ixex'lh'iit, print,s on Wha.t,ma,n (lold Pressed K,e)ugh, the)ugh such e'.xceuxlingly rexigb 
l^apeu's a,re^ Hedele>m suil.ablei feu* prints snialleu’ than II by 11 in. In geumral, the^ writeu' 
preffe^rs Wha,l,ma.n ('e)lel Fre\sse'el Mexlium e>r Mie'.ha:lle't C'h;>,rex)ail le>r print.s 11 by bl or 
8 by 10 in. anel for sma,lle;r e)ne^s eiitheu' Miedialled, (!bare'.e)a,l, St.rathinejre; Gha.re‘,e)a,l, eer 
some!; e.)f thes e)relina.ry elrawing papeers whiedi a,re! se)lel tor use^ by artists a.nel 
draftsniem. 

In thee inte^rests e)f pea-ma,nemex', the^ pa,[)eu‘ edieseui shexdel lx! a, ge)e)el lineui ste)ck. 

The lirnshes. —'rwe)'will be! re'iejuirexl, a flat,, .se>ft painlbru.sli a,be)ut, 3 in. wiele!, sevt in 
rubber, fe)r e';e)ating; a.nel a flat, baeigeir blemele!r a,be>ut .5 e)r O in. wide! le)r ble!neling. '^Phi.s 
latter brush is ra,the!r e!xpe'nsive!, e!e>st,ing abend, tf) e)r $6, bed, it busts indefinite!ly; the 
writer has been using his present one! for al)out 27 .yeiars. As there is conside!rable drag 
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on the hairs in. the blending process, it is advisable to reinforce the setting of the 
blender, using a thinned Duco cement in the manner described in the section on 
Platinum Printing. 

The brushes should be thoroughly washed in cold water as soon as the coating 
operation is completed, for, if the coating mixture is allowed to dry in th(im and is 
exposed to light, it will be impossible to remove it. They should l)c hung uj) to dry, 
bristles down, so that they may keep their shape. 

The Pigments. —These must be either water-color paints or dry-powder colors, tlu^ 
former being preferable; oil colors will not do, and though some authors rec;ommct>ded 
tempera colors, the present writer has not found them satisfactory. T'hciy must b(^ t he 
so-called “earth pigments,” such as lampblack. Ivory Black, burnt umlicr, l)urnt sicna., 
Venetian red, Prussian blue, cobalt blue, cadmium orange, cadmium yellow, (stc.; the 
aniline colors will not do. It is better to buy a good grade of water-color ttibes; the 
powder colors are much cheaper, but they must be ground for xise, anxl the tinu^ thus 
consumed amounts to more than the money saved. 

It is immaterial what manufacturer of colors is favored; the pigments of Tahms <Vr, 
Son, Winsor & Newton, Devoe & Reynolds, or, in fact, any standai'd makt'r c:a.n Ixi 
relied on; the writer prefers those of Talens, but this is partly the I’csult of halnt and 
partly because that firm puts up an excellent black, known as Photo 10ngrav<'r’s 
Black, which is much cheaper than the ordinary water colors. The sclec.tiou of (iolors 
given above will be ample for any ordinary use; as a matter of fact, three or four tube.s 
are plenty to start with—say, Ivory Black for a neutral black and l)urnt uniber or 
Venetian red to warm it up, with cobalt blue for cool blacks. 

Whatever make of pigments is used, the same one should 1x5 adhered to throughout, 
since the pigment will be measured by the number of inches squeezed from tli(5 tube, 
and the apertures of the tubes vary with different makers. 

The Gum Solution. —This is a fairly thick solution of gutn aral)ic in wa.t(5r, and, sis 
different samples of gum vary, it is well to use that of one single maker; cv(ui so, f.h(5r(5 
will be some variation between lots. It should be granula.r, not in (,lu 5 form of tc'ars 
or powdered, as the first is easiest to dissolve. The writer favors Me. Kesson * Rol)l)ins 
Gum Acacia No. 1 Granular, but this again is a matter of ha.l)it; a.n ccpiivah^nt n.rl.icl(5 
from any good maker will be satisfactory. 

Some preservative will be necessary, for, although a sour gum solution works a,s w(5ll 
as a fresh one, it works differently, and the progressive souring will throw tb(5 work('r’K 
calculations out. Formaldehyde and carbolic acid a,re unsuitable for t.his pui’post', 
and, though oil of cloves is sometimes recommended, the writer pr(5f(5rs bichlorid(5 of 
mercury, which, as noted in the section on Platinum Printing, is a dangc'rous poison 
and should be used with care. It is, however, an efficient preserva.tive; th(5 writtn- has 
known a gum solution so treated to remain perfectly fresh for 18 y( 5 a,rs. 

TLhe formula which is preferred by the writer, and on whicli sul)s< 5 cjuent t'orniulas 
will be based, is as follows: 

JOOO.O :j2 on. 

500.0 K. I Ih. 

0.0 K. 00 Kr. 

The gum is most conveniently dissolved by rubbing it up in a mortar, a, litth' :d, a, 
time, with portions of the water. The preservative may be ru]5b(5d in at a.ny sta,g(' of 
the proceedings but should be thoroughly stirred through the final solution. Tins 
manner of dissolving the gum is tedious but is more satisfactory than tlu 5 nnd.hod 
.sometimes recommended, of putting the gurn into a bag and suspending it in th (5 wa ter; 
if the lat.ter plan is used, the gum coagulates into a mass which requires a V( 5 rv long 
time to go into solution. 


Water. 

Gum ariibic (granular) 
]\I er c u ri c chloride. 
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It is advisable to store the gum solution, in a wide-mouthed screw'-cap bottle or, if 
the bottle has been ground with reasonable accuracy, merely to lay a piece of glass over 
the top, to prevent evaporation. The neck of the bottle should be wiped each time 
that any of the solution is poured out, to avoid cementing the cap fast. 

Th(i Sensitizer .—The sensitizer commonly recommended is potassium bichromate, 
but the wi’iter prefers sodmm bichromate, as it is far more soluble than the potassium 
salt, wherefore a given amount of a saturated solution contains much more of the 
sensitizing agent and gives a much more rapidly printing film. The formula follbw'^s: 

Water, warm.. *. 500.0 cc. 16 oz. 

Sodium liio.hromaie (technical). 500,0 g. 1 lb. 

Tilttn*, and store in a l)rown bottle. This will keep indefinitely if not exposed to 
sti’ong light. It is approximately a saturated solution. 

Sizing .—If it is found necessary to size the paper, this may be done by the 
method which is used for making single transfer paper for carbon printing and is 
desc.rilxid in the section on that subject. One, or at most two, applications will be 
sufTicient. 

Coaling Mixture .—As the longest scale of gradation is secured when the coating 
mixture contains the largest possible amount of pigment and as a long scale is usually 
desired, it follows that the coating mixture should hold as much of the pigment as can 
satisfactorily be used. But for every paper, every pigment, and every gum solution 
th(u-(^ is a maximum rcdation of pigment to gum which can be used without staining the 
pai)(>r—or ratlun’, to Ixs prcicise, there are two such maxima, one for automatic develop- 
nuMit, the otlun* for brush development. The method of determining these maxima 
is a.s follovvs: 

S<jue<'z<^ into a small mortar an inch length of the pigment, and rub this up with 
' 2 (Irani of t lu' gum solul ion. With a, line Virush dipped into the mixture, make a small 
mark on tlu' paper which is to be used, and opposite this mark, pencil “1 in. to J'2 
dra.m.” Add ' 2 dra in of gum solution to the mixture, rub it up well, and make another 
mark, lalxiing this “ I in. to 1 dra,m.” Add another ,* 2 dram of the gum solution, and 
label t he n'sulting ma,rk “ I in. to 1 V-z drams.” Continue thus until a series of marks 
(ix(('nding lo ‘M in. to 10 drams” is ivached. Then allow these gum-pigment marks 
to dry t horoughly, and let the paper lloa,t face down in a tray of water at room tern- 
p<u-a,tun“ for '2 hr. On inspection it will be found that some of the marks have 
<ml.ir<'ly (liMap|)('a.r(‘d, whiles ot.hers remain visible. kSu{)|)OS(', for example, that the last 
visil)l(‘ mark is op|)osit(' tfu‘ notation “L in. to 4^4 dra,nis”; then it is known that, if 
I)ur(‘ whiti'S are to be siaaired with automatic devclopnu'nt, the maximum proportion 
of pigmi'iit to gum solut ion in the (aiating mixture must be 1 in. to 5 drams. Now with 
11 soft. ca.mers~ha.ir briisli, brush over the nuiniining nmrks, when it will be found that 
()l.h(‘rs will disa.i)i)<'a,r. As a.n cxainph^, suppose that tlu* hist one visible after this 
brusliing is opposite t lu' hibc;! “I in. to 2 dra.ms”; them it is known that, if brush 
(h'Vi'lopment. is to lie usial a.nd fiure whites are to be obta.ine(l, the maximum allowable 
proportion of pignumt, t.o gum is 1 in. t.o2*2 drains. If a note is nuide of these propor- 
f.ions, it. will be possibl(> at. any futun' tinui to predict a.c.cura,t(dy tluj maximum guni- 
pignumt. r(‘hit ionship »or t hat, pignnmt a,nd t.lnit paixu’. '^bhis should Ixi dc^ne for thc^ 
va.riou.s pignuml.s whitdi a.rc: to be us(xl and lor the various jiapiu's. A ta.blco*.an then 
be: druAvn up giving t lu' sundry n'lat.ionships a,t a. ghiuc.e, thus a,voiding tlui '‘by-guess- 
jind-by-gosli ” nn^thod so common in gum prinf.ing. 

'^I’bis met hod serves al.so fo indicati^ the possible maximum when two or more pig- 
numts are mixrxl to sexmn' variations in (lolor. Thus, if it ha.s Ixxm determined that a 
certain black rixiuiras 5 dra.mH of gum solut.ion to 1 in. ol pignumt brr automatic, 
development and burnt umber requires 4 dra.rns to 1 in., tluiii, il it is desired to mix 
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these pigments in the proportion of 2 to 1, it follows that the worker will \isc 1 in. of 
the black, in. of the bnrnt mnber, and 7 drains of the gxnn solutiom 

Note that no sensitizer is used in these determinations. 

It may seem that this method of determination involves a grt^at dcia,! of work, but 
actually the labor is not excessNe, and, if the experiments indicated are (‘.arried out 
and the suggested table is drawn up, a vast amount of effort and disappointment will 
in the long run be saved. 

The complete mixture must be dilute enough to spread to a sufficient, but not 
excessive, thickness on the paper. Only the worker's own experienc.c can indicate 
this characteristic, as it varies with different samples of gum aral>ic and with dillerent 
papers, a rough paper admitting of thicker coating than a smooth one. If the coating 
is too thin, an excessive number of printings will be required to secure depth and 
scale; if it is too thick, it will flake off instead of developing smoothly. A suggested 
formula which the writer has used successfully with Whatman Cold Pressed Medium 
follows. It must be borne in mind, however, that this is no moi-c than a suggestion, 
put forward as a basis for the reader’s own experiments. 

Talens Photo Engraver's Black. 25.0 inni. 1 in. 


Gum solution. 15.0 cc. 4 <lraiuH 

Sensitizer.. 35.0 cc. 10 draiuH 


The pigment is sqxieezed from the tube into a mortar, is well rulibed up with tlui gum, 
and the sensitizer is added and stirred in. The mixture is tluai rca.dy to Ix^ spniad on 
the paper. 

Coating the Paper .—This operation is like driving a golf ball or sawing a. board, in 
that it can be described and instructions can be given for doing it, l)ut only experience 
makes it possible for the worker to accomplish it properly; a certain mamml deftnxxHs or 
knack is required, and this comes only with practice. 

The paper, which should be cut 2 in. or so larger all around than tlu^ finisluMl print, 
is to be is pinned face up on a smooth board, using—most convmuxmtly- -pxishpins 
at the four corners. The coating brush is dipped into the mixture, it is lightly [xia’issod 
out against the side of the mortar, and the mixture is brushed rapidly back and forlli 
over the paper until the surface is well coated. Then the blending brush is takcni up 
and is drawn lightly but rapidly back and forth over the paper, both crosswise! and up 
and down. It will be found that the brush marks left in (son,ting an^ smootlunl out, 
eventually disappearing altogether as the gum sets. As the gum s(d,s, the ac tion of the 
blender becomes gradually lighter and more of a whipping tha,n of a dra,gging motion, 
and it shotdd be stopped at just thc^. right point. If it is arrcisted too soon, the gum will 
run together in tiny puddles, and if it is continued too long, the con.<,ing will b<‘ st rciaki'd. 
A slight puddling or streaking does no harm, since it tends to blend out to smoothm'ss 
while the paper is hanging up to dry. 

If several sheets of paper are coated at one time, it will probalxly be found t lmt tlnx 
blender becomes clogged with the mixture; it should then be wcUl rinsed in ruiming 
water and dried by rolling the handle rapidly Ixetween the palms of the hands, wlnm 
its use may be continue(i at once. 

The commonest fault in c.oating gum paper is that tlie beginmu* tries to get tins 
coating mixture on too thick. The coated paper should not look black Init should be 
of a light greenish gray. 

If the blending has been carried on too long or if the paper buckles so that it is 
difficult to blend eveidy, a uniform coating may be obtained by using tlui blemhu- wit h 
a stippling action. This renders the coating spotty, but most of the spots will bhmd 
out as the paper dries, and the others will disappear during development. 

All the above operations can be carried out in an ordinary room, since the coating 
is not sensitive to light until dry; but the coated paper should be dried in the dark. In 
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proper conditions of heat and hnmidity, drying will not take more than' a few minutes, 
but it may l)c hastened by an electric fan or over a gas stove, taking care to avoid 
scorching. 

The paper should he print<^d as soon as it is dry, since it keeps in good condition 
for not more than a few hours at most. 

Printing .—It is, of course, impossible to say definitely how long a time the printing 
will take, but as compared to other quality mediums, gum is fairly rapid. As an exam¬ 
ple, the average printing time for one of the writer’s negatives, printing in unobstructed 
July sunlight for the high lights, will be from 2 to 3 min., and for the half tones and 
shadows it will range from 2 min. to 20 sec. 

Development .—Develojjment should take place as soon as printing is completed, on 
account of the continuing action which occurs in gum as in other colloid-bichromate 
nrediums and which cannot here be arrested by washing the print in cold water, as with 
earl>on and Fresson, as the gum is soluble in water at any temperature. 

To develop, the print is washed in several changes of cool water, to remove most of 
the sensitizer, and is then turned face down and allowed to float on to 1 in. of water 
in the tray. It may be lifted and drained from time to time, to follow the progress of 
development. The stage of development is not%d by watching the water that drains 
from one corner back into the tray; this water will be seen to carry with it more or less 
pigment, the amount of color gradually diminishing as development proceeds. If 
the printing has bcicn (“.orn'ctly timed, hr. will find the print developed to the proper 
jioint, whicih will bo indi<'at<Ml partly by the general appearance and partly by the fact 
that the drainings will be practically free from pigment. It is not necessary that 
they carry al)solutely no pigment whatever, but only a trifliirg amount should be seen 
running off the print. Here again, experience is the only precise guide. Obviously, if 
tlic print is tf)o light at the end of l ^ hr., it is underprinted, and if it is still too dark, 
Ijrinting has Ix'en excc^ssive. In neither case is it necessary to throw the print away; an 
undertiimxl j^rint should be developed as far as it will go and made the basis for a 
multiple print, and one which is overtimed can l>e forced by the use of warm water—up 
to ‘212°F.—or by tlu* use of a small amount of alkali in the developing water, 
as described in the s('ction on Carbon Printing. In the case of gum, however, the 
addition of alkali has little (J‘fe(!t at normal temperatures; it is most effective when the 
wat(U' is warm. In any e.as(^ it should be us(ul vtu-y (“autiously, as an excess causes 
th<^ same troubh^ as in carbon, a c.omplepH washing out of the lighter gradations, 
and pcu’haps flaking of tlui film. 

Thc! colloid film of a. gum i)rint is much softer and less lik(dy to tear than that of 
eitluu'a carbon or a Presson print, (lonscxpumtly much more k)cal development may be 
indulg<Ml in than with (mI Ikm' oi l lie^ otiuu'])ro(HNSse:s. In iacd., the possible modifications 
are: so gnait tluit then' is a. scuaous t.<nnpta,t.ion to oveu’do them, producing a result which, 
e:V(m though it ma.y not be obviously scrra.tcluxl uj) in imitation of a cliarc.oal or pencil 
drawing- —as far too many gum {)rints a,re—still is (wichmtly false in its vahuis. This is 
a dangi'r whie.h shotild be guardc'd against. As in any medium, only sucih local raodi- 
licjitions as a,r(^ dodinil.tdy n(M‘(^sHa.ry shouhl be made;; the tcmiptation to play with the 
print shouhl fa^ st.(U’nly n'sisted. 

Sine.(^ t.he purpos<' in hx'al modifie.ation is to remove the soltencd gum from the 
paper, many ways of doing t.his will suggiist th(anselv’(\s. Water from a hose may be 
allow(Hl to run on tin': spot whicdi is to Ix^ lightomxl; il the hos(' is held at such a height 
that tlh(^ wa.t.(U‘ falls in drops, t.he: etliMit will be gnxit.er than that of a (‘.ontinuous strctim. 
A spra.y frorti a.n atomi/x'r nuiy^bc: usc'd, or a. j(';t Irom a washing bottle, or, it this is not 
sullicient, a soft cairn'l’s-hair brush. It is not generally advisable to use a stiff brush, 
sinc.e this tends to haive: a. scratchy appearance. Whatever method of local modifica¬ 
tion is useu, the effect will be less obvious—and less likely to be unpleasant—d the 
work is done under water. 



492 


HANDBOOK OP PHOTOGRAPHY 


When local development is planned, it is best to use a gum-pigment mixture which 
will give a slight staining with automatic development. To print slightly deep>er than 
normal, allow the development to go as far as it will automatically and do the brush- 
work on the pigment stain. 

When development is complete, the i>rint is hung xip to dry. It will probably have 
a slight amount of sensitizer stain, which may be removed by a few minutes’ immersion 
in a 5 per cent solution of potassium metabisulphite, followed by several rinsings in 
clear water. Sodium bisulphite or ordinary alum may be used, but the potassium salt 
seems to be rather more effective than either of these. It is commonly advised to use 
alum, on the ground that it hardens the film, but the writer has not found this to be at 
all necessary; the printed and developed film, after drying, is hard enoxigh to stand 
almost any amount of rough handling. Clearing should not take place until after the 
print has been dried, or, in the case of a multiple print, until after the last printiixg 
has been dried. 

Multiple Printing .—One reason that so many beginners in gum work get into 
trouble is that they expect the first printing from the negative to look like a print and 
try to make it do so. It should not; it should look like a very sick imitation of a 
print—pale, washed out, very likely po more than a flat tone in the shadows, and in 
general thoroughly unsatisfactory. It is astonishing to an inexpei’ienced worker to 
see how the print assumes vigor and character with the addition of subsequent 
printings. 

If the negative is soft eixough so that its entire range of gradations is rendered in 
one printing of gum, then when the print has been developed and dried it may bo 
coated a second time and printed again, for the same printing time, and developed as at 
first. Thus the second and subsequent printings are used merely to add depth and 
contrast. It is much more likely, however, that the scale of the ixcgative will be too 
great to render in one printing of gum, in which case the shadows—perhaps even thc^ 
half tones—of the first printing will be merely a flat tone and must be Ixrought out by 
the later printings. The coating mixtui-e may, perhaps, be the same as for the first 
printing but the printing time loss, e.g., if the negative requires three printings to 
render its full scale, the first one may be timed for 4 min., the second for two, and tht> 
third for one, each printing Ixung developed fully. Some workers have been known 
to use 16 or 17 printings, and the writer knows of one who went to 25, but this is .sluier 
frivolity. Using a well-sized papxu*, which permits the use of a fairly large ainoxint of 
pigment, the utmost richness and depth of blacks can he got in five printings, and th(^ 
scale of practically any negative can Ixe rendered in six or eight printings. 

It will be apparent that voi*y great variations in coating and printing arc possibles 
in order to secure various efie(d'.s. Thus a long scale may l)c secured with little dcqxth 
of shadow by using a rela.tiv(>ly small amoxint of pigjnent in the coating mixture; or th(^ 
shadows may be eixipha,sized by xising light doses of pigment for the high-light and 
half-tone printings, with a heavy amount, printed lightly, for the shadows. Uaxdi 
worker will think xip these va.riations for himself, but it (vuinot be too stroixgly urged 
that he keep a record of what he has done in each case. If ho fails to do this he will 
nob know where he is; he will be unable either to duplicate or to predied, results, and 
he is likely to abandon gum printing xinder the impression that it is too diffixvult. As a 
matter of fact, gum printing is not at all difficxdt, but it does demand care and accu¬ 
racy. Given thf;sc and a moderate amount of experience, gum printing will ho found 
not only much easier than bromoil or even than plain bromide enlai’ging, bxit far more 
-satisfactory in its results. 

General Remarks .—Registration in multiple gum has been the sxxbject of many 
inventions; the simplest and best method is that recommended for multiple printing 
in carbon, viz., the use ol a mask around the negative, of a printing paper larger thxux 
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the uegatiye l)iit smaller than the mask, and foiir registration marks on mask and 
}>aper. 

A very beautiful effect, which is piirticularly delightful in the treatment of sunlit 
water, a sunny landscape, or any subject in which a vibrating, shimmering effect of 
light is desired may be secured by very slight underprinting, by very slight under¬ 
development, and l>y drying the print in a horiziontal position on a sheet of glass or 
other flat level surface. In this case the gum and pigment run slightly, giving a 
peculiar blurring of the outlines which is not obtained in any other way or in any 
other medium. This is a very difficult effect to obtain, since it demands the most 
exact timing throughout, but if secured, it has a remarkable charm. 

One of the finest chfiracteristics of multiple gum lies in the extreme richness and 
depth of the blacks obtainable, a quality in which gum rivals multiple carbon. This 
effect, in both mediums, is due to the fact that we are looking through, rather than 
at, successive layers of pigment suspended in a transparent medium, and, as in carbon, 
the effect may be enhanced in a gum print by waxing and polishing. 

In conclusion: work systematically; keep a record of all you do; do not expect to 
get a good picture with one printing; and do not overdo your local modifications. If 
these recommendations are followed, success will result. 

Fresson Printing.—Fresson is, in eff(;ct, a revival of the Artigue process, which was 
more or U\ss used some 26 or 30 years ago, and like carbon and gum it depends on the 
fact that a colloid film, when sensitized with a chromic salt and exposed to light, 
becomes more or less insoluble in water. 

The paper suppli<Hl for tins proc(^ss consists of a sheet of paper carrying a basic 
layer of some hard (ajlloid-—presumably eitlnu' gelatin or glue—which has a high melt¬ 
ing point. Over tliis is laid a stratum of softer colloid—probably gelatin—which 
mcilts a,t about 9(5°F. a-nd which (‘.a,rri(is a ndatively lieavy content of pigment. The 
paper is suiiplied insensitive and is sensitized just before use l)y immersion in a solution 
of potassium bichromale, Ixang art('rwa.rd dried and printed under a negative. At this 
IK)int the process div(‘rg(‘s from both gum and (^a.rbon, siiuH!, instea.d of being developed 
by floating on cold wa.bu-, as witli gum, or by washing with hot wat,er, as with carbon, 
the print(Ml pa.per is soaked for a short tinu^ in tepid wa.ter, is then laid face up on a 
slanting surfa.c(^, a.n(l is dev('lop(al l)y pouring ovc'r it a, soup of boxwood sawdust in 
wa.t(n'. >' 

Adixitdagefi .—''riui proc.c'ss ha.s a, long sca,l(' of gra,da.tion, givcis v(uy rich hlac-ks, and 
ha.s a. b(\'udiful a.bsolutely mat,t(‘ surface' closely res('nd)ling that of phitimim. 

The pritds a,r<^ a.bsolut(9y piu-inaiuMdu 

'The pa.p('r may b<‘ obtaim'd in s<^vera.l diCloreid colors, a.nd on scweral dif'fenud. 
supports. 

Modifications of total contrast a,r<^ vc^ry (aisily mad<\ 

It is (^xtn'imdy easy to mak(^ modi(i(ai.tions of Icxral values. 

'TIk^ process is veuy (‘a.sy to work, r('(iuiring bu(. liKle te<dmica.l skill. Also tlu'n^ 
is gr(\'i,l. latitauh^ in Inuidling. 

/>isw/;)antaf/r.s'. --Fr('ss()ti is a, <a)nta.ct-priid ing proc(iss, n'ciuiring a v('ry strong 
light, and it is practically impossibh' to us(^ it for (Mda.rging. 

It is sonuav'hat laborious i<o work, n'cpuring a, good (hvil of l inu' for (l(W<'lopm(mt il 
till' Ixist ex|)n'ssion of t he proc('Ss is t,o b(^ obtaim'd. 

The surfaces of t he papi'r, bot h Ix'fon^ a.nd a.fl,er printing, is very (hilicate and (aisily 
marr<Hl, so (inisluxl prints must be ha.ndled can'fully. 

The l*aper.- -As has been said, lihis is bought- insc'iisiliv(' and, if st.oixsl in a. cool dry 
place, will kecq) almost iml(dinit('ly, t hough lh(^ colloid gra.(lunlly ha-rdens with tiiru', 
r(upiiring slightly warnx'r wa.t(a' for proc(\ssing. It- is a,dvisa.bl(^ to store it flat, utxh'r 
light, pu'ssun^, to minimize its t.c'ndem^y to (mrl. Tlu' jiapcM' may be obtaiiu'd in 
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black,* dark brown, sepia, blue-green, green-blue, and red and on either a white or 
cream support, which last may be either smooth or slightly rough. 

As the emulsion is very delicate and as the warmth of the fingers is stifiiciont to 
melt the colloid, it is advisable to handle the ^aper only by the edges; thereiore it 
should be purchased and used a size larger than the print is to be i.e., 5 by 7 in. for a 
4- by 5-in. print, or 11 by 14 in. for an 8- by 10-in. print. If larger prints are wanted, 
it is best to get the full-size sheet, approximately 23 by 35 in. and cut it to size. 

The Sawdust .—^This is a special boxwood sawdust, put up by the manufacturers of 
the paper and sold in packages of the proper amount to make 5 or 6 qt. of the soxip. 
The exact amount of water is not important; the soup should be thin enough to pour 
readily but not so thin as to be ineffective, and within these wide limits the strength 
does not greatly matter. 

The sawdust may be used repeatedly—almost indefinitely, in fact—and does not 
lose its effectiveness. It is simply allowed to dry between the occasions of use, being 
mixed again with water when desired. It is sometimes stated that a preservative 
should be used in the soup to prevent putrefaction of the gelatin which is washed off 
the prints; but the writer has not found this to be at all necessary, having txsed the 
same batch, of sawdust for more than 4 years with no trouble whatever. It is true 
that the gelatin forms a hard crust over the sawdust as the water evaporates, but this 
does no harm, being readily soaked soft again. 

The Sensitizer .—This is normally a 1 per cent solution of potassium Ixichromato, 
made up as follows; 

Water.*... 1000.0 ccs. 30 oz. 

Potassium bichromate... 10.0 ^ 2 ;. 144 p:r. 

This keeps indefinitely if protected from light and may be used repeatedly. 

Different strengths of sensitizer may be used for different purposes, as will b(^ 
discussed under Variations in Contrast. 

Sensitizing .—^The potassium bichromate solution is poured into a clean tray to a 
depth of 3-2 in. or more, and the sheet of Presson paper is slid into it, the edg<is Ixdng 
pressed down as they curl up, any adhering air bubbles being broken by a light touch 
of the fingertip or of a soft brush, and the tray being i*ocked. At the expiration of 
4 min. from the first immersion, the paper is lifted from the sensitizer and is hung up 
to dry in the dark; clips are used at the corners. It is advisable to hang it cornerwise, 
so that the sensitizer will drain from one corner. 

Sensitizing may be done in any ordinary room, as the paper is jiot sensitive until 
dry; it shoxild, however, be dried in the dark, since when dry it is slightly mor(^ sensi¬ 
tive than a printing-out paper. 

The sensitized paper will dry, in proper conditions of humidity, in a very short 
time—drying may be hastened by an electric fan—and the paper should be used as 
soon as possible, since when dry it tends to become insoluble without exposu^(^ to 
light. Even if kept in a sealed tin with preservative, as is done with platinum pap<u-, 
it will not keep in good condition for more thaxi a few days. 

The sensitizer should be used at a temperature of betweeix 65 and 75°F.; if too 
warm, it will soften the gelatin of the paper excessively. 

If the paper is allowed to become bone dry while hanging up, it will curl very 
badly. It is therefore advisable to take it down when it is dry enough not to sti(6c to 
anything and then to finish drying under light pressure. This is not, however, 
absolutely necessary, as with care, the paper can be handled even when Ixadly eurl<‘d. 

Printing .—This requires a strong light, such as is \ised for platinum or carl)on, and 
no precise directions can be given as to time, as this varies with the negative, t.lui 
color of the tissue, the possible moisture content of the colloid film, and the: effect 
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desired. Gefterally speaking, the cooler colors print more rapidly than the warm ones, 
and a bone-dry paper will print more rapidly than one which is faintly damp. Using 
the black paper, working with it bone dry, and working for normal results, the writer 
makes a test on POP, then prints the Frosson for about three-quarters of this proofing 
time. 

Developing .—The print should be developed immediately after taking from the 
printing frame, since there is the same continuing action with Fresson that there is 
with carbon and gum. 

To develop, the print is immersed for 4 min. in water at room temperature, then 
for 1 min. in water at 88°F. It is then laid face up on a smooth slanting surface, and 
the sawdust soup is poured repeatedly over it. A convenient arrangement for this 
apparatus was designed and made of sheet zinc by W. G. Houskeeper. It consists 
of a semicylindrical trough about 18 in. long and 5 in. in diameter, supporting a 
sheet of zinc which has had the edges bent up so that the soup will not run off them. 
The trough has feet to keep it upright, the sheet has a lip which projects slightly 
over the edge of the trough, and the upper end of the sheet is supported by a piece of 
2- by 4-in. wood. An enameled cup from the 3-and-lO-cent store is used for 
pouring. The exact angle of the support is of no great consequence. So long as 
tlu're is slant enough for the soup to run off freely, it is all right^—an angle of 30° 
with th(^ horizontal is satisfactory. 

Development is continued until it has reached the proper point, when the print is 
rins(!d in cold water to remove any adhering bits of sawdust and to set the gelatin. 
It is then hung up to dry; no further fixing or washing is necessary. The print will 
<lry somewhat darker than it appears while wet—this darkening is more apparent in 
the shadows than in the high lights, so development should be continued until the 
print secutis a little lighter than it should be when finished. 

If for any rtMison it is not desired to develop the print at once, the continuing 
a<d.ion may be arnisted by washing the undeveloped print in six or more changes of 
wjittn- to remove the sensitizer. It may then be dried and developed in the usual man- 
ruw at a,ny subseqiient tim(\ 

Uid(\ss printing has b(um so de(qj as to require the use of water at 96°F., it will 
probably l)e found that the margins of the print, even though masked in printing, will 
not d(W(4op ch'ar biit will retain more or less of the pigmented gelatin. Apparently 
a slight amount of light action is necessary if absolutely pure whites are to be secured, 
'riiis ^^si(lual tint is oft<m very phiasing but may be removed with a brush if it is not 
(hisinal. 

ffor any given temperature of th<i soaking water, the print will develop to a certain 
depth, aft<u- whi<4i e.ontiiuKsl pouring of the soup has no effect. If it does not develop 
far (>nough after soaking at 8S°1<\, tlu^ print may bo placed for 1 min. into water at a 
slightly higlun- temperature, aft(u- which develoi)ment is resiimed in the usual manner. 
It is not advisable, however, to go above 94 to 96°F., since at this temperature the 
pigfiu'uted film will probal)ly strip <mtirely from the paper, and even if it does not do 
this, the high lights of the i)i(d,ure will probably flake off, leaving blank spaces. If 
will not bring th<^ print up to the proper point, it is seriously overprinted and 
should usually b<‘ thrown away, though it may sometimes by salvaged by brushing 
wit.h a soft brush. This treatment, however, is likely to rcstdt in unsightly scratches 
on ih(^ surface' of thei i)rint. 

Vdi'idtiofiH tTi OotUt'Oifil .—For normal sensitizing, the softest contrast is obtained 
when tlu^ paper is printe'd to such a depth that it will develop satisfactorily after 
1 min. of soaking at 8H°F. Deaipeu- printing, up to do\d)le the normal time, with the 
\ise of a warim'.r soaking vvatm’, u|) to 96°F., gives marked increase of contrast; this 
latter tecluiieiuc: tends to give a grainy fixture to the print which may be undesirable. 
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If this method of control is not desired, greater contrast may be obtained by the 
use of a weaker sensitizer, say 3'2 or of 1 per cent, together with a correspondingly 
longer printing time—^two or four times normal—and a soaking water a.t the standard 
temperature of 88°F. Overprinting and a warmer water may also be iised in conjunc¬ 
tion with the weaker sensitizing. 

If softer prints than normal are wanted, the sensitizer may bo used stronger than 
1 per cent, with correspondingly shorter printing. It is not'advisable, however, to 
attempt to use the sensitizer stronger than 5 per cent at most, since above this con¬ 
centration it will tend to strip the emulsion from the paper. 

Local Modifications .—It is extremely easy to make lotsal modifications of values. 
Extra weight may be given to an area by avoiding it in pouring the soup, or by tilting 
the support at such an angle that the soup does not run over the portion which is 
to be left dark. Broad areas may be lightened by pouring the soup from a greater 
height, so that it strikes the print with more violence in some places than in others; 
this technique, however, is likely to result in a grainy appearance in the finished print. 
Still greater lightening may be secured by the use of a soft brush, though this must be 
applied carefully, a little at a tjme, if scratches and brush marks are to be avoided. 
It is best to rinse the print free of sawdust, place it in a tray of cool water, and work 
under the surface of the water. However, it is sometimes necessary, in. order to 
secure the maximum effect, to work in the air. However, by working carefully, it is 
possible to carry this local modification very far indeed withoiit it becoming appar¬ 
ent; in this respect, Fresson is far more flexible than carbon, and almost as much so 
as gum. 

Javelle Water .—It is sometimes recommended that the Fresson paper be greatly 
overprinted and given a preliminary soaking in a dilute Javelle water before develop¬ 
ment. The writer has found this technique to be altogether unsatisfactory; the great 
desirability of Fresson lies in the extremely delicate manner in whic.h it renders the 
gradations of the negative, together with the beauty of surfacie of the finished print, 
but the treatment -with Javelle water increases contrast, loses tlie firuu’ gradations, 
and gives a coarse and grainy texture to the surface. The result is quite foreign to 
the best expression possible with the medium. 

Final Remarhs. If the print is too dark when dry, it may bo .soaked until limp in 
cool water, placed for 1 min. in water 2 or 3° warmer than was used in tJu^ original 
development, and then developed still further with the sjwdust. This treartmciut may 
be repeated several times and does no harm. 

It is ordinarily recommended that Fresson prints be apottcMl by softening an 
unsensitized piece of the paper in warm water and using the pignnmtcd g(‘latin thus 
loosened, applying it with a brush. This is necessary when large arenas a,re to be 
spotted, especially if they are in the darker portions of the print, as any gr(Uit amount 
of penciling will leave a shiny mark. But for small spotting the writtu’ prefeu's to use 
a carbon spotting pencil (sharpened to a needle point on Handpa.per) atid stippling 
rather than stroking, this being much easier than the brush method. 

If for any reason the finished Fresson seems too dull a,nd heavy, it may b(i given 
the brilliant appearance of a wet print by waxing, as described in the section on Plati¬ 
num Printing, though this, of course, destroys the inherent Imauty of the nmttc^ .surfa(!e. 

If greater strength ox richness is desired .in a somewhat wea-k F'ri^sson, this may bi. 
secured by coating the finished print with a gum-pigment mi.xture, printing and 
developing as described in the sd!?tion on Gum Printing. Both waxing and fh(i addi¬ 
tion of a piinting of gum are moi’e satLsfactory on the I'ough Fresson paper than on 
the smooth. 

At its best, Fresson may fairly be considered a, worthy rival of platinum, its long 
scale of gradation, rich blacks, and matte surface giving it a good claim in this respect. 
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It does not, it is true, admit of tlie use of the more beautiful paper supports, but on the 
other ha.nd it is far more flexible than platinum in the matter of local modifications. 
The fiiiest expression of the process is secured by printing as lightly as possible, using 
relatively cool water fot soaking—sometimes as low as 86 or even S4°S’.—and develop¬ 
ing slowly and gently, pouring the sawdust easily and lightly with no violence what- 
<‘,ver. This technique means slow development—the writer not infrequently spends 
an hour or more in dc^veloping an 8- by 10-in. i^rint-—but the result amply repays the 
trovd)le involved if the worker cares for exquisite print quality. 

Oil and Bromoil Printing and Transfer.—Oil printing depends on two facts: (1) 
wlum a l)iehromated g(vla,tin film is exposed to light, it l)ecomes more or less tanned in 
proportion to the a.mount of light a.<d,ion,- and (2) if this film is soaked in water, it 
absorbs watin- and Vxh'.ouk's repelh'iit to an oily ink in inverse proportion to the amount 
of light action. In bromoil—which is a,n outgrowth of oil, exactly as carbro is an out- 
grow'th of carbon—thc^ tanning a,(*.tion takes place as a result of the chemical reaction 
between a spe<“.ial s(Misitiy/C:r (ordina.rily called the “bleacdier”) and the silver image of a 
bromide print or enlargCiUKMit. After the sensitizing, drying, and printing in the case 
of oil or the l)leaching, fixing, and washing in the case of bromoil, the print is soaked 
until the gelatin is j)rop(u-ly swelled; it is then surfa,ce-dried. A suitable ink is dabbed 
on with a special l>nish until a, suflicient amount has adhered to the print to give 
tlu^ (hisircxl imag(\ when tlu^ pi'iut is pirmed up to dry and may be considered finished. 
Or, if (lesinMl, the print, may be pbieed in contact with a piece of plain paper while the 
ink is still soft, a,nd ma.y l)c run through a press similar to an etching press, in which 
<'.asethe: iidc is tra,nsferr<Ml to the pkiin paper, giving an effect quite different from that 
of thc! original print. Afl.er such tra,nsfcrring, the print may be soaked and inked a 
se<u)nd, third, or fourt.h time, or even oftener, and these inkings may either be trans¬ 
ferred t.o diffc'rent. picaa'S of pa,[)(U' or may be transferred to tlic first one, thus producing 
a multiph^ print. Since then^ is grea.t latitudes not only in the matter of the original oil 
or bromide print but. also in f lu' matter.s of soa.lcing, (dioice of inks, and manner of 
a.pp!yijig tlu' ink, Mu' oil and bromoil processes are exceedingly flexible, almost equal¬ 
ing inullii)le gum in t his r('sj)ect. 

As will be seen from tlu' a•bov(^ tlu*. oil ])roc(‘SS is a, contact medium requiring a 
strong light for printing, whcu’cas th<^ bromoil procu'ss makes it possible to j^roduco 
la.rgc print.s witlK)ut tlu* need for a,n <!nla.rg(Ml n(‘ga,tiv(^ Other tha.n this, they are 
pra(‘ti(uilly if not (mtindy identical in the results ()htaina.l)lo. It is true that one 
a,uth<)r chiims t hat, bromoil givc'S a. loiigcu- sca.le of gradation than oil, but the present 
,writ<u’ has not. found t his to Ix^ t.h<^ <ai.se a.nd b('li(!V(vs tha.t t.ho error is due to the fact 
that, thc spca-.ial pa.|)('r which is su|)i)li(al for oil printing is thiidy coated with gelatin. 
If a shtad. of bromide; pa,p('r of a. l.vp<, suita.l»hi for bromoil is fixed without exposure to 
liglit., waslKsl, seiisit,iz('d, ])rint(xl, a.nd soa,k(al, it, gives a,s long a s(aile as though it were 
us(‘d l)y th<' bromoil i)roc(>ss. 

A<h>anla(fc.s.- If t h<i pro|)er pap<'r a,ml inks a,r(' used, tli('. prints are absolutely 


p<a'mati('nt. 

Thc process is exl i-em<‘l\’ (l('Nil)l<', in resptad to both mothfie.ations ol tota,l contrast 
and local modificat ions of \ alues. 

A vtu’v beautiful (piality of richness and dej)t,h in I ht' slnulows is i)ossible. 

liy varying the 1 hickm'ss of the ink, th(' moth' of handling t he brtish, or both, very 
(hdightful vari.'ilions in loxture may Ite securt'd. 'This characterist.ic ns even more 
n.pi)a,r('nl, whtni l,ra,nsf<'r is insed, simat a, fina.1 support, of a,lmost ;my desired character 
may 1)0 us(*(l. 

Vt'ty with' varia.titins in cttltn- art' iiossibh' t hrough chtiict' of inks. 

Multiph' prints art> rt'atlily matle by ti-a,nsftu-, t.his making iiossifilc still greater 
uiodifit'a,l,it)ns t)f ttit.al c.tmtrust and of loca.l values. 
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Disadvantages .—As has been said, oil is a contact process, demanding an enlarged 
negative if large prints are to be made. 

It is somewhat laborious. 

It does not render the delicate gradations of the negative as finely as do some 
other mediums; for this reason, it is not so well adapted to sunny snow s(ien(^s, high- 
keyed portraits, and the like, as platinum, carbon, gum, or Fresson, but is at its best 
when broader effects are desired. 

The advantages and disadvantages of bromoil are the same as those of oil, with the 
following exceptions: (1) large prints can be made without the use of an enlarged nega¬ 
tive and (2) it is a much more tricky and temperamental process. The first argument, 
however, is scarcely a valid one, since fully as much labor and skill are required to 
make a bromoil print as to make an enlarged negative and a platinum print. 

The Paper .—This should be a bromide paper having a soft gelatin emulsion, with¬ 
out a supercoat of gelatin. The same paper should be used for both oil and bromoil, 
since the best oil paper results from fixing, without exposure to light, a sheet of heavily 
coated bromide paper. This fixing should be done in plain, not acid, hypo, since it is 
necessary to avoid any hardening of the gelatin. i 

Suitable surfaces of Velour Black will be supplied by the Defender Photo Supply 
Company, of Rochester, N. Y., provided that the order specifies “for bromoil,” and 
the Kodak Royal Bromide, obtainable from the Medo Photo Supply Corporation, 
15 West 47th St., New York City, can be recommended when a buff sto(^k is desired. 
There are numerous other good bromoil papers, most of them, however, originating in 
England, where the process is more popular than it is in this country. 

Whatever paper is used, it should be as fresh as possible. 

The Negative .—For either oil or bromoil, the negative should be soft and well 
graded, since it is very easy to secure any desired degree of contrast, and a ndallvc^ly 
soft 'jriginal print will render the gradations better than a stronger one. 'Th(^ best 
type of negative for either process is one which will give a moderately soft enlargtunent 
on air ordinary medium-contrast chlorobromide paper. As in other printing jirocH^ssc^s, 
a thin negative is preferable to a dense one, for a given degree of contrast. 

Sensitizing for Oil. Having been fixed, washed, and dried, tho! paper is Hen.sit.i/i(;d 
by 3-min. immersion in a solution of potassium bichromate and is hung uji tiO dry in 
the d rrk. Sensitizing may take place in any ordinary room, since the papier is not 
sensitive to light until dry. 

The normal strength of sensitizer, for average results, is a 2>2 pm- (umt solution, 
but it may range in strength from H of 1 per cent to 5 per cent, the stronger solution 
giving a quicker printing film and less contrast. 

Pr \nting for Oil.~For either oil or bromoil, the paper should be masked so as io 
give i blank margin at least in. wide—and 1 in. is better—all a.round tlu^ 
picti re. 

Sensitized oil paper should be printed as soon as dry, since it do(\s not keep w(^Il. 
If this is not possible, it should be stored in a sealed airtight box, witli cithuum (“hlorith^ 
as a desiccator. Even so, it will not keep, in good condition for more than a v(wy few 
days. 

Printing is carried out by sunlight, carbon arc, or mercury-vapor arc: and should 
be continued until gradation is clearly visible in the high lights. 'Fhe print ha,s nuudi 
the appearance of an undeveloped platinum print, though somewhat de(q)(>r; in <uich 
case, the image shows as a yellowish brown on a yellow ground. 

After exposure, the print should be washed immediately in wad.er at approximately 
room temperature until the free sensitizer is completely waslual out, wlum it may be 
either soaked in warmer water (if necessary) and inked at once or allowed to dry and 
soaked and inked at some future time. It is not well, however, to postpone the soak- 
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ing and inking for more than a week or so, since with time the gelatin tends to become 
hard and resistant to swelling. 

Printing for Bromoil .—Printing may be either by contact or by enlarging, though, if 
the former is used, there is no gain over oil and there is the additional—and sometimes 
tricky—operation of bleaching. To bo satisfactory for bromoil, the enlargement 
should be distinctly on the soft side; there should be no very deep shadows, since if 
these are present it will be difficult to hold up shadow detail in inking; and the lights 
should be a trifle darker than they would be for the ideal bromide print. If this 
quality is maintained, inking will be much easier than otherwise, and, though it is 
desirable to adjust the negative so that the ideal print quality is maintained with 
normal treatment, this is not absolutely imperative. If the negative is slightly too 
strong, a satisfactorily soft bromide print may often be secured by giving two or three 
times normal exposure, diluting the developer to about a quarter of normal strength, 
and removing the print from the developer when the lights have reached the proper 
depth. This technique is a “t«)uch-and-go” sort of performance, since the tray must 
be rocked constantly if uneven development is to be avoided. The print must be 
snatched at exactly the right point—a trifle before it reaches the desired depth—and it 
must be promptly and evenly immersed in the hypo, where it is rocked for min. or 
so after immersion. Still, this plan is often usefid, especially since it is not at all 
necessary, with brombil, that the print be developed to infinity, as is required when 
toning by the bleaching and svdphiding process is contemplated. 

Almost any developer which is suitable for bromide paper can be used, .|ihough it is 
generally best to employ Amidol, since this, working without alkali, has little or no 
chemical effect on the g(}latin. 

Many bromoil workers favor a stop bath between developnumt and fixing, giving 
the print K min. or so in 


W at (‘r. 

A<ait.ic iicnd (28 per cent).., 

or (which is tlu^ same thing) 

AViit.(‘r. 

A(r<‘tde acid (j^laidal). 


1000.0 cc. 

32 

oz. 

45.0 cc. 

1>2 

oz. 

1000.0 e;e!. 

32 

oz. 

12.0 cc. 

3 

drains 


The present wribu', however, prefers to put tlu^ I)rint dir<'c.tly from tb<^ d(vveloi)er 
into tlu’: hypo, a. t(M‘hni(iue which dimiands clean trays, clean hands, and prompt work¬ 
ing if stains and uneven (h^vadopnumt are t.o l)e avoided, but which, in his opinion, gives 
a print which is more easily inked than if tlie internuMliato acid bath is \ised. 

Fixing must be dom^ in a 25 per (‘.cut solution of plain hypo, since, a,ny hanhming 
of the gelaiiii must be avoithal. Washing a.ft(U’ fixing must Ix' thorough, siiua; il a.ny 
trace of hypo remains in th(^ (unulsion it may r(‘a,c.t with the (dieinicais of the bleacher, 
causing uneven tanning of tlu^ gedatin. 

Bleacdiing may tak(5 |)la.cn imm(xlia,tely ai'b'r wa.shing, or the print 
may be dried and tlu'n l)l(au‘he<l at some future; film;. If. is not w(‘ll to postpone tlie 
bhaudiing foo long, or the g(da.lin may t(md to harden spoid.aiieously. If a dried priid. 
is to be bleacluxl, it should lirsf. lx; soakcxl in wat<'r uidil t.horoughly limp. 

It is not possible; f.o give a, g<;n(;ra.l formula, for tlx; ])lea.c.her, sin(;e this varies with 
differetd- papers, with eUrfe;re;id. itdes, wil.h (.he; te‘mpe;ra,ture e>r t.he; soa.king water, with 
the worke;r’H style;, a,nel with the' re;stdt.s ele;sire'el. Mach bromoil worke;r, the;refore, must 
try ditTe;re;nl, f.(;chnieiix;s unf.il lu' finels that, whie-h is most satislaed.ory. 

A techniepu; of ble;a.e;hing whie;h is rece)innu;neleeL by John Kiem, of the Orange 
Camera Club, for Defender Velour Black, is as Ibllows: 
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Water. 

Copper sulphate.. .. ., 

Potassium bromide. 

Potassium bichromate. 

Hydrochloric acid (c.p.). 

Bleach, wash well, and fix in 

Water. 

Hypo... 


1000.0 cc. 
10.5 p;. 
10.5 

2.0 p;. 
10.0 


20 07 .. 

00 fir, 

90 

18 g:r. 

10 (:lro])« 


1000,0 cc. 20 055. 

95,0 fi, 2 055. 


Wash well, and dry. Resoak for inking. 

The formula which is recoininended for Kodak Royal Bromide is as follows: 


Water. 

Copper sulphate, ., 
Potassium bromide 
Chromic acid. 


1000,0 cc. 20 055. 

10.0 fi. 90 fir, 

7,0 jtj;. 05 pir. 

0,3 fl. 3 fir. 


Bleach, wash well, fix, and dry as above. litisoak for inking. 

The writer has found both of these formulas to work well, but tlun'o many 
others from which to choose. * 

The print should be bleached until all the characteristic bhuik has Ixuni 

converted to a yellowish brown strongly resembling that of an andevelope<i i)la.tiiuini 
print or that of a newly printed oil paper. There will be a residual imagt^ which may 
darken lat^, with exposure to light, and the second fixing retiommended above is to 
remove this image, thus preventing future deterioration of the print. 

Some workers advise giving the bleached, fixed, and washed print 5 miit. in a 3 pen* 
cent solution of sulphuric acid (c.p.) which tends to soften the gelatin atid make it 
easier to secure the proper relief for inking. This solution may be used warm (uj) to 
110°F.), in which case the effect is still greater. A higher degrees of s<)ft<uung of tlu^ 
gelatin, with consequently greater relief, may bo obtained by using the Ideacher warm 
rather than cold. 

It is generally advised to dry the bleached print and rc^soak before inking, sonn; 
workers even going so far as to state boldly that this is imperative. Such, however, i.s 
by no means the case; the writer has frequently made thorouglily sa.tiHfa,c;t()ry broinoi! 
prints by inking immediately after the second fixing and washing. 'Tla^ dilTcn-cmc.e! 
of opinion hinges on the fact that the gelatin, by drying, acquirers a, grtmten- power of 
differential swelling, thus increasing the scale of gradation which it is possible fo secure 
to inking. But if high-keyed or other short-scale prints are desired, it inn,y ()rt<m bo 
preferable to swell and ink directly after the second fixing and washing, rn.fher (,ha.n to 
dry and resoak. This is a point for individual judgment in each case. 

Soaking ,—Here again, no definite instructions can be given, siiice the degree of 
swelling required varies with the paper, the ink, and the result whicdi is to Ixi obtained. 
The temperature of the soaking water may vary from 65 to IhO^P. (though it, is not 
usually safe to go above 110°F.) and the time from 5 min. to 1 hr. G(mera,lly sp('a,king, 
brief soaking in warm water tends to give more oontfast than prolong(Ml soaking at a. 
lower temperature, and the longer the soaking at any given tenipora.tur(% tlu^ gnuitcr 
the relief obtained with consequently greater rtJsistaiuH' to the ink. Oidy (^xp<*ri(mc(^ 
furnishes a satisfactory guide on this point, thoxigh some indic^ation may Ix^ got from 
feeling the clear margin of the print, which should be definitely slippery when rul)btxl 
between finger and thumb; if, however, the gelatin breaks down under this troattnent, 
the water has been too hot, and the print must generally be thrown away. 

In connection with the matter of soaking, the following point shouid' lx* not.i'd. 

Other thmp being equal, the temperature of the soaking water controls tlu* 
degree of swelling of gelatin and consequently its resistance to the ink, i.c., warm 
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water produces greater swelling than cool. In some cases, it may not be feasible to 
complete inking at one sitting, in which case the print may be dried and resoaked for 
further inking. But a pi'int cannot be swelled to a lesser degree the second time 
than was done at first; i.e., it the tirst soaking water was used at 100°F., for example, 
and alter drying the print is resoaked at 70°P., the second swelling will be as great as 
the first one. On the other hand, if the second swelling is done at 110°F., a greater 
relief will he obtained than at first, and any subsequent soaking at a lower temperature 
will produce the same relief as though done at 110°F. This is an important point to 
bear in mind, siiice obviously it furnishes an additional means of control and at the 
same time limits, to some extent, the possible variations in the matter of inking. 

71\(; Brushes. —Spcaual brushes are required for the inking operation, these being 
made citluw of polecat or fitch hair or of hog bristles. The last is used chiefly for broad 
effects or for the first application of ink, the others for finer work or for smoothing out 
the rather t^oarse texture given by the bristle brush. It is advisable to have several 
l>nish(\s of different sizes, ranging from to in. diameter, for different purposes; 
and they should l)e of tlu^ type in which the hairs are cut slanting and are domed, the 
S(iua.r(vcut brushes being less flexible in use and more likely to tear the gelatin. 

The brushes must l)e thoroughly cleaned after use; the ink should not be allowed 
to dry in them. Tluu-e are two w'ays of cleaning them. The method preferred by 
most workers is to wash thtnn with gasoline or carbon tetrachloride (which is sold under 
the trad(' na.nu>is of ("arbona and I'lnergine Non-inflammable Cleaning Fluid, as well as 
sundry others). I'he wrif,(u- i^refcu's to wash his brushes with Castile soap and water, 
for two rea.sons: (1) lu^ fends that this is k'ss likely to take the spring out of the hairs 
(this is a d<d)a.table point) and (2) freMpient applications of water tend to keep the 
wetting of (he hairs more fully swelled, so that the brush is less likely to shed. It is 
tru(‘, how('ver, that. a. brush (dcauunl with gasoline or carbon tetrachloride can be used 
again sooner f.ha ti om^ washed in Hoa,i) and water, since the latter usually takes several 
days t.o dry satisfa.(d.orily. 

The bruslu^s should l>e kc^pt in cones of stmit i)a,i)er to preserve their shape and 
should b(‘ hung up, bristh's down, wIkui not ii) use, though this last is not imperative. 

7'lir Inks. -Th(!se art' oily inks, much stiffer i.ha,n ordinary printer’s ink, and are 
sold especially for oil junl l)romoil work. Tlu^ twf) la^st known are the Drem and the 
kSitudair, t h<^ fornuM- ha.ving a wa.x l)a.s(% the latt.(u- an oil base. d’her(!i does not seem to 
b(‘ a,ny choi<a> bet.wc'cn f.hcun, so fa,r a,s results are concerned; which to use is a question 
of individual pnderiuuu'. 

Anot.her iidc wdiich works a,s well a.s those*. mentioruHl (tlunigh differently) and is 
va.stly ch<'a,{)t>r tha.n eitluu- of 1 luun is t luit sold by t he ma.kers of print(u-’s inks under tlu^ 
mum* of Stiff Lillio Ink. ’‘I’his is sonHuvhat soff.cir tha.n the bromoil itd-cs and nupiircs 
gr('a,(.(u- sw(‘lling of ( he g<*la.( in, but, if properly handled, it gives result.s equa.l in (pialit.y 
(o th(^ mon* <*xt)<'nsiv(^ arf ich*. This nm.(.t.('r of cost, howev('r, is not important unle.ss 
nnu'h work is (.<> b(* dom*, since* a. 50-ct. tube ol bromoil ink will give a great many 
prints, only a, v(*i\n’ small <iua.n(.!(.>' Ixung retjuired lor one irdiing. 

Th(‘ inks may lx* ob(.a.in(*d in a, rniinber of (lilT(u-(*nt colors, though, as in gum print,- 
ing, tlx* rational work(U' will (x)nfin(* liimscll to n<aitra,l, wa.rm, and cool blacdcs and 
\nirious browns. Simlair makes t wo wa.rm-bla(‘k inks, known, respectively, as Kncrt^ 
Machine and Fncrc d'ailh* Douce, tlu^ latter being a, relativc'ly thin ink which may 
<!it,lu‘r 1)(^ us(xl alone or may lx* mixtxl wit.h st.ilhu' inks to thin them tlown tor special 
purposes. 

It is well 1.0 have, souk* l.liimi(“r avaihihlc!, but therc^ i.s no need to buy the special 
bromoil thiniuw. A small bott h^ of lins<xxl or olive oil is perfectly satisfactory, the 
amount ta,k(;n tip on a broom st.raw or a large pin being usually enough to add when the 
ink must be thinned. 
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Inking .—When the print has been swelled to the proper point, three or four lintless 
blotters, somewhat larger than the print, are dipped into water, drained, and laid on a 
sheet of glass or other smooth, approximately level surface. The print is then taken 
from the soaking water, drained, and laid face up on them. The purpose of this blot¬ 
ter pad is not, as most workers believe, to keep the print from drying out during inking; 
it has, indeed, little or no effect on the rate of drying of the gelatin, being used simply 
to furnish a soft support, so that the gelatin is less likely to be torn by the repeated 
impact of the brush. 

The print is then surface-dried. This may be done by dabbing with a piece of 
chamois skin (or the soft-tanned leather which is sold under this name in the 5-and- 
10-cent stores) or with a wadded-up piece of soft well-washed linen or cotton clotli. 
Some writers on the subject say that it is imperative to surface-dry the pi’int by dab¬ 
bing and that it must never be wiped, but this is by no means true. A perfectly 
satisfactory way to dry it, which is much quicker than dabbing, is to wipe it lightly bvit 
firmly with a soft automobile windshield-wiper blade. 

A small amount of the ink is then squeezed from the tube to a sheet of glass or other 
nonabsorbent surface (a dinner plate or the back of an old 8- by 10-in. glass negative is 
excellent) and is spread out thin with a palette knife. A quantity the size of a small 
pea will ink several 8- by 10-in. prints. The brush is pressed rather firmly into this 
film and is dabbed several times on a clean area of the glass to spread the ink evenly 
among the hairs. It is then applied to the print. If the preliminary w'Oik has been 
correctly done, it will be found that the ink adheres to the gelatin in proportion to the 
degree of tanning of the film, i.e., it takes most freely in the shadows, less fi’cely in the 
half tones, and least of all in the lights, thus with repeated application gradually build¬ 
ing up the picture. But this building rap must be slow and gradual; a.n attc'mpt. to 
work the print up rapidly is almost certain to defeat itself, except when clone by a. ven’y 
experienced worker. 

Up to this point the operations have been more or less mechanical, but this is 
where the fun begins. 

There are almost as many different techniques of inking as there are hromoil work¬ 
ers. One man prefers to use a thin ink and to work rapidly; another uses a. stiff ink, 
working slowly. One man inks the print all over, building ux:> conti’ast by going ovin* 
and over the entire surface; another inks up a small area to its final laoint, then passes 
on to another. The writer generally spends from U 2 to 1 hr. in iidcing a by 8j 2 -b' ■ 
print, but he knows a man who habitually inks a 10- by 12-in. jarint in 10 min. It 
depends on the worker’s preference and on the results that he desires. In general, tli<^ 
writer feels that the best resrdts are obtained through relativel.y slow inking, and lui 
prefers to ink a landscape or similar sailaject all over at first, gradually building ui) 
the contrasts, but to ink the face of a j^ortrait fully, working up tlu; laackground and 
surroundings afterward. This, though, is a matter for each worker to decide for 
himself. 

There are certain fundamental i:)oints to be remembered, as follows: 

If the ink, at first application, shows a tendency to take on the clear margin of thc! 
print, the print has not been swelled enough for that partierdar ink, thougli a sdlTcu- 
one may work all right. 

If, later, the ink sliows a marked tendency to take on t he margin before the* iidcing 
is cornxdeted, thc print is drying out too rajaidly. 

The brush shoadd not l)e held vertically over the print but at an angl(‘ of about, t>0". 

A slow, dabbing, legato brush action puts ink on tlui tn-int. A staccait.o mot ion 
(called “hopping”) takes iidc off the print. This hopping is a trick of the hand which 
must be acquired by practice, bait it can best be described as throwing the brush lightly 
at the print and catching it on the rebound. 
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There are wire holders sold for hopping, the idea being that by placing the brush at 
the end of a long wire, and, gripping the other end, a slight vilsrating motion of the 
hand will produce the desired bouncing action of the brush. These should be carefully 
avoided, as they are by no means easy to handle, and have a marked inclination to 
cause tearing of the gelatin. 

If the ink does not take sufficiently to give the desired depth, it may be thinned 
down with a trifle—and a very small trifle—of oil. On the other hand, if it takes too 
freely, it may be wiped off with a wet cloth and a stiffer ink used or the print swelled 
at a higher temperature. 

A thin ink can be applied over a stiffer one; a stiff ink cannot be applied over a 
thinner one, unless the latter has been allowed to dry thoroughly. 

If the print dries out too rapidly to finish it at one sitting, it may be allowed to 
dry completely, being subsequently resoaked and the inking being resumed. If this 
is done, it is well to allow time enough for not merely the gelatin but the ink to dry 
thoroughly, since, if the print is soaked again while the ink is soft, the latter is apt to 
run or smudge. 

It is extremely difficult to work fast enough so that the gelatin will not dry out 
excessively if the work is done in the ordinary artificially heated house; a humidity of 
at least 65 per cent is desirable in the workroom, and even higher than this is better. 

If a small a,mount of ink remains on the margins of the print when inking is com¬ 
pleted, this may be (denned oft' by wrapping a soft cloth around the finger, dipping it 
into water, a.nd wiping firmly. 

When the print is finished, it should be pinned up to dry in a vertical position, to 
minimize the settling of dust on the surface, and it is well to pin it by all four corners, 
to minimize its tcuKhmcy to curl. 

The worker must <ra.r(dull>'' avoid getting any water on the br\ish during inking, a.s 
this will cause white s[>ots in th(^ print. White spots may also result from tearing of 
the gelatin, if tins lias bcnm cxcessivcdy softened or if the brush is used too violently. 

If the lirush bcMaiines (dogged with ink during inking, so that the ink is deposited in 
black sjHudvS, it must be laid aside a.nd a, (dean one taken up. 

The brush sliould mwer b<^ catrried directly from the original pool of ink to the 
print, lad, should always be dablxai out on the a.rea ixiserved for that purpose. 

There is one ca.ui.ion whi<di shoidd be writt(Mi in la.rge hd.k'rs and hung on the wall 
of every liromoil work(u-’s workroom: “don’t ovcualo.” The flexibility of the medium 
is so great a.nd t he opiiortunitii's for pcu'sonal expression a.re so wide that the tempta¬ 
tion to [day with tlui print. ovenHunes a great ma,ny users of the process. Further, 
compa,ra.tiv<dy f<>w iihotograplun-s ha,v<‘ studied miture wit h autri(dent attention and 
thoroughiH'ss to know d(dinit.(dy how t,lungs look, tlu^ nvsult of thes(i two fa,c;ts being 
that pa.infully falsie values a.r(^ more oft.en found in bromoil tha.n in a,ny other printing 
medium, '^riiis (lo(\s not mc^'ui that tlu' photograplKU* should (‘onfmc; hims(df t.o the 
t.rue va.hi('s oi na.t.ure, any more t.ha.n t he wri(.<'r of fud,ion should (‘.online himself to 
lac.t. Fxaggeration is h'gitiniat<‘ in fa.(d., n(‘<M^ssa.ry“—in a.ny art medium whatever, 
but t.he product.ions oi th(‘ bromoil work(*r, lik(^ those of the (i(‘.t.ion writer, should be 
(amvincing. ’I'liey iummI not. be t rue, but. t luy mn.st. imiierat.ively se(un true. It is 
thend'orc' m'ce.ssary for t he bromoil worker, rnora^ t han for t.he user of any other medium 
(ixcept. gum, to know how things should look, so that, wdicn he falsifu^s he may do it 
(ton vincingly. 

Degrcaning. Also (tailed “ (hd'a 11 ing.” fl’lni final appeara.nc(! of an oil or a bromoil 
print shows a. lustrous (pialily of surfa.c<?, this charactfuistic being, of cours<t, greater in 
a print, wliiith has rich, (le(‘p, blacks t hati in a higher k(‘y(td omt. d’his luster may or 
ma.y not h(t chtsirahle; it adds riehn<»sH to t he shadows, hnt in sonu^ c.ases the dead matte 
(luality of a, |)lat,imnn or h'r(‘sson print may seem preferabh;. When this matte surface 
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is desired, it can be secured by allowing the print to dry until the ink is thoroughly 
hard, then rocking it for a few minutes in a tray of benzol (also called “benzene,” but 
not “benzine,” which has a different chemical composition). This benzol removes the 
oily or waxy base, leaving a pure matte surface which is very beautiful and which 
may be worked on to advantage with a carbon spotting pencil oi’—^to lighten desired 
areas—with a soft pencil eraser. If the benzol is applied before the ink is hard, some 
or all of the ink will be removed, and the print will be rained. 

Transferring .—^The advantages of transferring are that almost any texture of 
paper can be used for the final support; that multiple prints are readily nvadc, thus 
permitting the emphasizing of desired areas or the combination of various colors; and 
that the final result has a fine matte quality of surface which is quite unlike that of the 
oil or bromoil print, even though the latter may have been degreased. So far as tex¬ 
tural appearance is concei’iied, a bromoil transfer has the beautiful quality of a plati¬ 
num print, though, of course, it lacks the exquisite delicacy of gradation of the 
latter. 

Complete instructions for the transfer process would require more space than can 
be given here; workers who are interested in this medium are therefore referred to 
“Bromoil Printing and Transfer,” by Emil Mayer, obtainable from The American 
Photographic Publishing Company, 353 Newbury Street, Boston, Mass. This is an 
admirable and very complete book, but it must not be received as al)solute gospel, 
since it contains a few statements which are, to say the least, highly debatable; how¬ 
ever, it may in general be relied upon. 

In transferring, the bromoil print, as soon as it is fully inked, is placed in contact 
with a sheet of plain paper and is I’un through a suitable pi-ess, the^nk whi<4i is on the 
bromoil thus being transfeiTcd to the plain paper. To secure the best results, thi‘. 
bromoil should be so strongly swelled by the use of warm water for sojvking as to requires 
a decidedly soft ink; the stiffer the ink, the lc;ss readily will it tra.nsfc^r. Th(‘ I)rornoil 
I>rint shovdd lie so inked as to have clean high lights (unless these are, for a,rt.i8tic. 
reasons, to be veiled in the final result), and the shadows should be sonunvliai. inor<^ 
heavily inked than they would be if transferring were not to bo used; tlie ink usually 
transfers more compkff.ely in the high lights than in the shadows, therefore aBowa,nc<‘ 
must bo made for this fact when inking. 

Clenerally speaking, the most suitalde paper is one which is tougli but has a soft, 
moderately absorlxuit surfa.c.e. One which is too higldy surl'act'd may be i^mdercxl 
suitable l)y dipping it into water, placing it betw(xm lintless lilotters, running it 
through the press, then transferring while it is still damp. If the pa,per is too a.bsorb- 
(uvt, it should be given a coat of size made l)y mixing (iO gr. of laundry sta.rc;h wit.li 
4 oz. of water and boiling, with const,ant stirring, until it is chuir. The va,rious char- 
c:oal a,nd drawing pap(n-s can gxmerally he used without any pr(q)a,ration. 

There are two types of bromoil transfer press. In the first, the print, a.nd t raiish'r 
|)a,per are jjassed together between two rolls, one of which is oi)era,t,(Ml l)y a, (u-aiik, t he? 
other by the friction l)etwoen it and the pa,ck. In tlie secot\d type, th(' print and paper 
arc laid on a flat bed a,nd passed urulcr a roll, tins roll being geared tt) the bed. Tins 
first type has the a,dva,ntag(> that the regulation of pressure (an important i)oint in 
transfer work ) is ac,comj)lish<al by moans of a set,scrcw that bea,rs on the frame carrying 
the upper rolhu-, whereas in tlu^ s(H*.ond type f,he nect'ssary va,ria,tionK in pre.ssure art*, 
secuixal lyy increasing or (h'crc'.asing the nund)cr of blott<‘rs or of felf, bla,nk<“ts in the 
pack, a much less convenient nud,hod. On the other haiul, the second type of pn^ss 
elimiiiates tlie chance of the print “creeping” on the transfer paper, a eircumstanc.e 
which is "^T.en very troublesome when making nudtiple pi'ints. There is also a variant 
of the first type, having the same advantages and disadvantages, in which the pack is 
laid oi’ V flat bed and passed under a roll, the bed moving freely on rollers hut being 
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operated by friction alone. Which type of press is chosen is largely a matter of per¬ 
sonal preference; in the writer’s opinion, the first type is the better for single transfers, 
the second when multiple prints are to be made. 

To transfer, two or three pieces of lintless blotter are laid on a sheet of pressboard, a 
ferrotype plate, or—in the case of a flat-bed press—on the bed. The transfer paper is 
then laid on these blotters and the inked print, face down, on the paper. One or two 
lihtless blotters are laid on the print and over these, if necessary, one or more felt 
blankets such as are used by etching printers. This pack is then run through the 
press, using comparatively light pressure; it is not necessary or advisable to use so 
much pressure that great muscular effort is required to turn the crank. The high 
lights of the print will transfer most readily, and the print may be lifted at one end— 
taking care that it does not shift on the transfer paper—to see whether or not the 
shadows have transferred satisfactorily. It will probably be found that they have 
not, in which case the pressure may be slightly increased and the pack run through the 
press again. If the inking, the transfer paper, and the pressure are properly adjusted, 
a satisfactory transfer should be obtained this time, but if not, the operation may be 
repeated. Too much pressure, however, will probably cause the gelatin of the print 
to adhere to the transfer paper in the high lights, resulting in its tearing loose from the 
support. If sufficient depth is not readily obtained in the shadows, it is risually better 
to reink the bromoil and make a multiple transfer, rather than to try to transfer all 
the ink of the shadows l)y heavy pressure. 

After transferring, the bromide print may be stripped away from the transfer 
paper, resoaked, and reiiiked, either for another transfe^r or for the purpose of adding 
another printing to the first transfer. Ilegistcr marks slujuld, of course, be made on 
the back of the bromoil and on the face of the transfer pa,p(U' l)cfor(! the first trans¬ 
ferring if multiple printing is contemplated. Tlu^ I)ossibl(^ number of printings to be 
had from one bromide print dc'pends on the roughru'ss or gcmthniess of the luindling 
which it receiv(is and varies widi'ly—from, say, 5 to 25. Tlu; variation is purely 
mechanical and does not (U'pend on any c.hemi<ai,l aedion whatevtn'. 

After the transb'r is perfe(dly dry, it may be; worked on witli pencil, stump, or a 
soft pencil era,s(u-, to pract.iiaUly an unlimited tixtent. 

In conclusion, w(^ ma,y say that th<( (dued' merits of oil and bromoil printing and of 
transh'r lie in tlu^ ('xtnuiu' ri<diness and d('j)th of llu' shadows whicdi may bi' obtaiiual 
by this proct^ss and in tlx^ gnait Ih^xibility of tlu' nu'dium. Its <du(d‘ fault lies in tlu^ 
fact that it is not a truly photographic i)roc<;ss. By this hist, tlu' writer does not mean 
to imply any obj(ad.ion to manual cont rol of ri'svdts in i)liot,ography; he: has no fault to 
find witdi sucdi cont.rol, prov'idial iti i.s jiroptudy doiuu But. t lu' ('ss<“nt.ia.l nuadt. ol phot.og- 
raphy, the cha,ra,ct<udstic in \vhi(di it surpass('s all ot h(>r graphic nu'diums whahwia-, is 
the unrivaled thdicacy with whi<di it. r('i)r<‘sents t he gra.da,t ions of light, on surfa.c<‘s, and 
this is pnadsidy th<^ point in whi(di oil and bromoil a,nd t.ra,nsfer are infia ior to otlu'r 
photographic i)rinting mediums, d’liis, howiwer, is a mat tin- for individual (du)ice; 
after all, the gnuit. desichnatnm is, not. tlu' production of a. photograph, hut the produc¬ 
tion of a i)ict.ure, a,nd ea,(di worker will s<d('ct, t h(^ nu'dium \vhi(di Ix'st. <‘xpr('sses t he 
idea t.hat. he has in mind, making us<'at. tinuisol t in' d(diea.cy and j)r('(dHion ot plat inum 
and at otlua- tinu'S and for otlu'r purposes mnploying the breadth of ('xpression and the 
control of bromoil. 
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CHAPTER XVII 


DEFECTS IN NEGATIVES AND PRINTS 


By BbvekijY Dudley 


DEFECTS IN NEGATIVES 


Tn tlu' fsiso, dcvft'cte in nogntivois do not occur; in practice defects of one kind or 

anoUun- occnir witli .sudicient frccinency that the perfect negative is somewhat of a 
ra.rit.y. H, is s(*ldoni ilmt the fault (‘.a,n he laid to the photosensitive materials. In 
lu'arly (‘very case', tlu^ di^fects could liave been avoided by cleanliness and complete 
and proixu- attention to details in the exposing, developing, fixing, washing, and drying 
of the lU'gativo. The host assurance that perfect negatives will be obtained 
th(n-(‘f<n'<^ is to take all precautions toward the prevention of occurrence of possible 


def('(ds. 

But ('ven umha- the best of conditions, blemishes of one kind or another will occur, 
and, wlu'u t h(\v do, !i, (X)rrective or remedial measure is desired so that the film or plate 
may be nunh^ to produ(X‘ a .satisfiudory print. The prevention of defects in negatives 
and tlu* corn'clion of t.h('.s(^ (l(vFc(vts so as to produce satisfactory prints are, conse- 
(pu'utly, t wo sep:irat(' and distiiud. proldems so fa.r as the technique of manipulating 
lU'gat iw'H is conc(*rn(‘d. It, is not always possible to find a remedy for certain types of 
d(‘f<‘Cts or bh'mislu'S in iu‘gativ<*s, liowevcjr, so that prevention of the cause of the 
defect is the only triu* “renu'dy.” But whether or not a defective negative can be 
corrected t hrough. n'liu'dial nu‘a.sur(^s, it is dc^sirable to know the visual and photo- 
gnvphic chnraet('ristics of t he (U'haU, and tlu^ ac'tual or probal)le cause, after which the 
nu'Miod of [)r(>v(‘nt ion and renu'<l\' ca,n often 1)0 dc:t(*rinined. This chapter deals with 
wiu‘h rnnttcrs. 

d’o mak(' t liis chapt i'r us useful a.s po.ssiblo the various (h'fects which may occtir in 
lu'gatives jin* classified iido elev<'n grou[)s (h'pending (usually) upon the visual appear- 
ajicc of th(* dch'cts as se('n l)y t r.ansnut.t.i'd or refi<'(d<‘d light.' d'hc: 1 1 groups into which 
the defects an* sonu'what arbitrarily classified a,r(U 
Blot (dies, lines, and streaks (page 508) 

Blurred negati%'CM (pag<> 512) 

Distorted image,s (page 51-1) 

I'ogged lu'galivcs (page 517) 
lncorre(‘t contrast, (page 520) 

Incorn'id density (r)a,g(‘ 522) 

Markings .and spols (page 52.1) 

Mc(dianical or pliysical (h'fecis (pagi* 520) 

Scum, sliim*, and deposits (page .582) 

Stains and discolorat ions (pagi* .584) 


Pnevetu'ss ([i.agc 587) , .i 

By dcti'rmining itdo whiidi of (hc.se 11 groups the d(d('ct Falls and then further 

following up (he individual 1 ist ings gi v(‘n under this grouping, information on a specific 

def(*c( m.ay lx* obta.iiu'd (|ui<dvly. 

1 Sec uS(» l.)crc<Tt.a in I >cvcloi)incnt, )). aCil. 
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Blotches, Lines, and Streaks 

Here are listed those defects of negatives which appear on the film or plate as white, 
gray, or black (but otherwise usually uncolored) blotches, lines, and streaks. Blotches 
are considered to be usually irregular in shape and larger than those defects which 
might be classified as spots, which are treated elsewhere. The edges of lines are 
usually sharply defined; in the case of blotches and streaks, the edges may be sharply 
defined or not. 

Abrasion Lines and Scratches. 

lA. Distinguishing Characteristic. —Fine dark lines on the negative, frequently 
straight; often appearing in multiple in which case they are usually parallel. 

2A. Cause. —Scratches caused by improper handling of the negative prior to 
development. Such lines are often caused by dirt or grit abrading the emulsion. 
Such grit may come from the interior of the camera, especially if a camera with large 
bellows is employed, from the tables or other apparatus in the darkroom, or even from 
unfiltered sources of water used for processing, (a) If the lines are parallel to the long 
side of the film, they may easily have been caused by dust, dirt, grit, or even small burs 
of metal in the roll film camera or in the film pack. Occasionally such lines may be 
caused by scratching the surface of the negative with the dark slide of the plate or film 
holder. (6) If the lines are at some random angle with respect tO the edges of the 
negative or if they are not straight, they may have been caused prior to development 
or in the early stages of development by abrasion of one negative with another or with 
a gritty surface such as the darkroom table or developing tray. 

3A. Prevention. —Absolute cleanliness is the best safeguard against such defects. 
Films or plates should be loaded into their holders shortly before being uschI, and 
should be inserted in the camera just before being exposed. The camera bellows 
should be cleaned periodically. Processing tanks and trays should bo wiped frtie from 
dust and grit, and the water and other processing solutions should l)e filtered to free 
them from foreign matter. Boxes containing unexposed negatives should be stored on 
(md to prevent pressure on top from bringing the emulsion into (contact with other 
surftices whicih might scratch. 

4A. Remedy. —Scratches are difficult to i-emedy, especially if they occur on minia¬ 
ture negatives from whicdi fairly large enlargeunents a.re to be made. Ca.r(‘ful ret.ouch- 
iug may help in both contact and projection i)rinting. The (‘ffe(^ts of scratches may 
sometimes be minimized or eliminated in projection printing by dipjiing the m'gativc; 
in glycerin after which it is pbi(a>d between two sheets of glass l)efore being phuunl in 
tlie enlarger. Air bid>bles must, of course, be i-emoved. 

IB. Distinguishing Characteristic. —Fine, light lines on the negative, fnHjuent.ly 
straight; often appearing in multipk^ in which case they are usually paralk^l. 

2B. Cause. —Abrasion suhseejuent to fixing, usually occurring after the. negative 
is dried. In inotion-pic:ture and other miniature roll tilins, “cinching,” f.c., winding 
the film tighter when in roll form, especially where grit is present, is a freepumt source 
of trouble. 

ZB. Prevention.- —Cleatdiness and proper handling of developed film is the best 
safeguard. Processed plates and negatives should l)e stored in a mani\cu- a.H to prott'ct 
them from scratches. Glazine or cellophane envelopes are especially suitable for 
storing negatives. Roll film should be stored in dust-free boxes, should be hatulkul as 
little as possible, and should never be “cinched.” Motion-picture film should he 
reeled moderately tight with uniform pull during winding and shoidd be stoiaal in 
dust-iree containers. It likewise should not be “cinched.” 

4B. Remedy. —(See A A above.) 
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Lines with. Black Spots. —(See Static Markings page 511 ) 

Brush Marks. ’ 

L. I^istinQiiishing GhfiTCtctcvistzc. Streaks and klotches resemblinff brush marks 

2. r7a...sc.-Incorrectly compoxxnded or exhausted developing sSlutions are the 
n\<)st probable causes for such streaks. 

3. Prevention. —Use of (“orrectly compounded developing solutions of full concen- 
traiiotv for the negative being processed. Prepared developers are available which, 
when dissolved in the proper amount of water will give solutions of the proper strength 
juui compounding. Certain developers for tray development are not recommended 
Ixy the manufacturers for tank development when diluted. 

4. lienwdy .—^Probably none other than retouching the negative or print. 

I>ark or Black Streaks or Blotches. 

Streaks and blotches occur in several different forms, so that it is not possible 
to ident'ily the caxise of the defect cjuite so readily as in the case of certain other defects 
of negatives. For this reason, means for the prevention of the defect sometimes may 
1)<‘ difficult to determine. The streaks and blotches may take various shapes, may be 
sharply defined with sharp edges, or may be poorly defined with edges of varying 
gradation. 

lA. Difflinguishing Characteristic .—Dark or black streaks or blotches, usually 
with siiadcd (ulgcs. 

2A. Cause. —Uncv(Ui dcvcdopment which may be due to; (a) failure to immerse a 
portion ol ti>c film during d(^v(4opment; (6) protection of a portion of the negative 
a,gainst development by intimate contact with another negative or the surface of the 
devtdoping tank or tray; (c) failure to provide relative motion between negative, solu¬ 
tion, and developing tray t)r tank. 

3.4. Prevention. —Imnun-sc^ negative quickly and completely in developing solution. 
During the first few minut(;s of diwc^lopmcnt, maintain relative motion between nega¬ 
tive and dtwcloping solution by agitating solution, moving the negative in the solution, 
or ro<4ving or tilting tlie dev(4oping tray or tank. 

4.1. Iteniedij .—Uocjil int(msii'i(*a(.ion of the less dense portions of the negative may 
l)(^ (unployed to assist, in bringing tlu^ lU'gtitive to its proper and uniform density. 

1 B. IHslitiguishing (diaracleristic .—Irngular dark blotch, rescnulxling splash(^d 
or spa.t.t<u'e;d li(pu(l. 

'IB. (hiuse. —I)ev(4oper splasluHl on n('gativ(^ prior to development. The action 
of t.his sphish t)f developing .solut.ion for a, long(‘r time t han developer a(d.ing on the rest 
of th(* mg'at.ive ])roduc:<^s a. darken' s[)ot., otherwise imcohjretl if uonstaining developer 
is used. 

3/i. /'/rwen/m'n.—-tdc'anlim^ss and ea.nd'ul hal)its in developing. Do not permit 
nega,t.iv«'s t.o lie; around t he darkroom, (;sp(aria.lly if uirprotected. 

4/^. B.erne.dy.- .L(>ca,l r(alue,tion may sonuitimes be used to advantage in this case 

(s(‘c: <dm,])t(a on Int.cmsifical.ion and Ihaluct.ion). 

If', !Hstinguishing (■haracleristic .—Dark or opaque streaks or blotches. 

2f/. Cause .— Dirty (hveloping tray or t.a.nk or, perhaps, the \ise of fixing ti'ay or 
tank for devtdopiug. 

3f.'. Prevention. —Ck^anliness a.nd systematic, liabits in developing. Where a single 
tardc is used for carrying out all processing of the negative, it may be advisable to run 
e.lear watcif through the t.a,nk between processing solutions. For single-tank process¬ 
ing, sjxaual care should be given to the matter of thoroughly cleaning the tank and 
pla,t<‘ or film supports uft('r each use;. 

4r'. /Remedy/.—Probably none, other than local reduction. 
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ID. Distinguishing Characteristic. —Dark or opaque streaks, often I’casoiiably 
straight, with fairly sharp edges; sometimes accompanied by general fogging of the 
negative. 

2D. Cause. —Light striking and fogging the plate or film, (a) If th(^ <5dgos ox 
the negative are clear (transparent), fogging is indicated as having taken place within 
the camera, (h) If the entire negative is fogged, fogging may have taken place in the 
darkroom, while loading the negative material into the camera, or at any other point 
at which the entire negative may have been exposed to radiations, (c) Gertaiii lesin- 
ous woods, varnishes, composition slides, etc., have also been known to produce iiicgu- 
lar streaks or blotches or fog. 

3D. Prevention. —Determination of the cause of the streaks or fog will usually 
suggest suitable remedy, (a) Pinholes in the camera bellows, old and faulty film or 
plateholders, and improper insertion of the slide in the plateholder are frecpumlly 
responsible for this type of defect. The slide should not be inserted in the film holder 
by one corner, as this opens the velvet light trap and permits fogging. The entire 
edge of the slide should be inserted all at once. (6) Handle negatives, especially the 
sensitive panchromatic emulsions, in complete darkness or in a safe light which has 
been proved to be safe for the type of emulsions used. Use changing bag, if necessary, 
when loading negatives into their holders. Exclude all light (and other radiations 
such as X ray, ultraviolet, infrared, and undue heat) from the darkroom during proc¬ 
essing. (c) Airing the camera, plateholder, or other offending and fog-producing 
apparatus in fresh air and exposing it to sunlight has sometimes been found h<dpiul.^ 
Painting the interior of the metal and wood parts of the camera with a weak solution ol 
bichloride of platinum is also useful. Changi^ from composition to meta.l plate slide's 
is advantageous in some cases. 

4D. Remedy. —General and local reduction may have^ some remedial <dTcc‘.t,H. 


Dark Straight Lines. 

1. Distinguishing Characteristics. —Dark straight lines, starting from one 

of dark portions of the negative (high lights) and running in one direction in a. straight 
line away from the high light. 

2. Cause. —Insufficient agitation of the developing solution, permitting silvm- lo 
be deposited on the emulsion lielow the point where the greatest deiiosit of silver occurs 
—^the high lights. In motion-picture development, or in other processes in whiidv 
the film is continuously moved through the developing solution in a steady (“onl.inuous 
motion, this defect is caused by the fact that tlu; first part ol the film is UiCti'd upon 
by fresh developer; later portions are acted on by more or less exhausted (h'vndopi'r. 

3. Prevention. —Agitation of the developing solution, or of the negat iv(i in l lu’! 
developer. 

4. Remedy. —^Local reduction of the negative, if carefully carried out, may help. 

Fan-shaped Lines.—(See Static Markings, page 511.) 

Forked Lines Resembling Lightning.—(See Static Markings, page 511.) 

Light or Transparent Streaks or Blotches. 

As in the case of dark streaks or blotches, tliose which are trausparmit or lightin* 
than the mean density of the negative may have various shapes and may have poorly 
or sharply defined edges. 

lA. Distinguishing Characteristics. —^Ifight streak, sharply defined or modern,tely 
defined at edges. 

2A. Cause. —Obstruction before the lens or in the camera between lens and nega¬ 
tive which did not permit light to act on the negative. The more sharply <lefinod tlu^ 
^streak is, the more likely it is that the obstruction was close to the negative. 
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ZA. Prevention. —Determining and removing the cause of light obstruction. A 
common source of trouble by beginners in photography is that of placing their fingers 
in front of the lens, thereby obstructing light from part of the desired image. Improp¬ 
erly folded bellows may sometimes cut off light from edges of negative. 

4A. Remedy. —None. 

IB. Distinguishing Characteristic.—lrvo.^nVM streaks. 

2B. Cause. —Prevention of uniform development of the negative. Sometimes this 
may be caused by oil or grease from the fingers which prevents action by the developer. 
If the negative is washed in water before developing, especially in cold water, certsiin 
areas which are resistant to the action of the developer may be produced in 
the washing. 

ZB. Prevention. —If due to oil or grease, cleanliness and systematic habits in proc¬ 
essing will prevent recurrences of this defect. If due to washing prior to development 
(such washing is of much assistance in preventing the formation of air bells during 
development), the wash water should be at the same temperature as the other process¬ 
ing solutions, preferably between 60 and 70°P. 

4B. Remedy. —Probalily none if due to grease. If due to resistant areas set up by 
wash water, local intensification may be usefvd. 

IC. Distinguishing Characteristics. —light area on negative appearing as (a) a 
smudge or (b) generally approximately circmlar with irregrdar, sharply defined edges. 

2C. Cause. —Sodium thiosulphite coming in contact with negative before develop¬ 
ment. In (a) the hypo is transferred to the negative by hypo-stained fingers, whereas 
in (6) the hypo appears to have Ireen splashed on the negative. 

ZC. Prevention. —Chumliness and cuireful hal)its in developing. Do not permit 
unprotected negatives to lie around the darkroom where they may l)e suhj(M-ted to 
contamination. 

4C. Remedy. —^Ijocal intensification may somevlimes lx; found us(vful. 

Static Lines and Markings. 

1. Distinguishing Characteri.siic.s. —Dark spots with dilTused edges singly or in 
combination with thin, dark, irregidar, forkr^d or branched wa,vy liiu's. Static, mark¬ 
ings have l)C(U) classified by t!rabtr(^e and Iv('s a,s follows: (u) small black spots with 
dilTused edges similar to certaiii types of moisture s{)()ts or si)()ts causcHl by claunical 
dust; (h) black spots with radiating brniKdit's; (c) tnaTike markings; (d) lan-shapcHl 
markings; and (e) combinations f)f dots, branch(^s, a.t)d fans. 

2. Cause. —These marks are ca,us('d by sla.ti<^ chs'lihad charge's ju'.cunuda,ting- 
on the negative. The cliarges may a,c<‘uinulat.<' within (hc^ c.a.inera., during procc^ssing, 
or in handling the dry film. In the case of rollc^d moli()n-|)ictur(i film, rcu'ling or unn'cl- 
ing the film during cold, dry weat ln'r may |)rodiHa': a.ppr<'ciabl(' static. A common 
source of camera static is that in which tlu^ lU'gatives in film packs or roll films slith^ 
over a velvet protected corner or l.hrough a, light, t.rap. 

3. Preveidion. —Oamera stat i(! m;i.y be prev('n((al by removing a,11 sources of fried ion 
between the film and the; camera, and by itniking all [)a.rls of 1 lu' canu'ra of eUs'.trieadly 
conducting material so far as this is possible. Winding tla^ roll film slowly, or pulling 
through an exposed film in film pa.cks very slowly, will help diminish the forma.tion 
of static charges on the film. Siina^ sta tic is most ea,sily formed with <lry substaiua's, 
rehumidifying the film, especially if motion-i)i(d.ure rtnd, will t.cmd to diminish forma¬ 
tion of static. Conducting the combustion products of an alcohol hunp into the 
camera chamber is also given as a. me( ho<l of prcivention by Cra.l)l.ree and Ive.s. In the 
case of motion-picture processing, st.a.tic produced in the laboratory processing may 
he discharged Vjy passing the film through tinsel or tin foil playing over both surfgees 
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of the film, the tinsel being grounded. In this case care should be taken to see that 
scratches are not produced by this process. 

4. Remedy. —None. 

Treelike Lines.—(See Static Lines and Markings, above.) 

Blurred Negatives 

In the majority of cases, blurred negatives are the result of improper technique in 
the focusing or taking of the picture, of excess relative motion betwc^en the suliji'ct 
and camera for the shutter speed used, unsteadiness in holding the camera, etc.., ra,th<!r 
than defects in the negative per se as a result of processing. 

Blurred Negatives. 

lA. Distinguishing Characteristic. —Part of image 1 )lurr(^d; objects or fa.rther 

than main point of interest may be sharp, or not. 

2A. Cause. —(a) Camera not correctly focused or (h) too great an a,porture and 
consequently too small depth of focus for the purpose. 

3 A. Prevention. —(a) Proper focusing of camera, making sure that the ima.gc of tiie 
principal part of the picture is in sharpest focus. With many small laiud (*Ji.mera.s and 
especially box cameras no focusing is possible, and in this case proper results can 
obtained only with the subject not too close to the camera. W ith many luind (aimcras, 
focusing is accomplished by turning the fi’ont element of the lens system or liy increas¬ 
ing the distance between lens and negative with slide or rack and pinion arningiunent. 
In such cases suitable distance markings are given on the lens mount or on a. scale 
attached to the camera bed, dependence being placed on the judgm.ent of the^ photog¬ 
rapher to estimate distances correctly. For such cases, a dista.nc.c meter may h(^ 
useful. If a ground-glass back is provided, still subjects may be rocusc^d by nu'ans of 
this back; distances for moving subjects will have to bo estimated. Gra.(k'x and refU'x 
cameras are usually provided with a focusing arrangement which permits l.h<‘ photog¬ 
rapher to view the subject and make focusing adjustments at h iist up to t he time of 
making the picture. Many high-grade miniature canu ras are provided with an oj)! hail 
distance meter which is also coupled to the lens system, so that setting t.h<^ rangt' timlm- 
automatically focuses the camera lens. ( 6 ) InsufFicimit deptli ot foc.us may Ix' i)r('- 
vented by using a smaller aperture or/-stop or, if perspectiv(> considm-nt iems pm-mit,, 
this result may be minimized by using a lens of shorter focal lengt h. 

4.4 . Remedy. —None. 

IB. Distinguishing Characteristic. —Tmagi^ comphd.ely blurred, although ])rop('rly 
focnised. 

2B. Cause. —Chmera, was moved during the exposun'. 

3 B. Prevention .—Hold camera steady during exposure'. If t he ca.imu'a, is lu'ld in 
the hands, an exposure of about ‘"25 sec. is the longest tluit mjuiy i)ee»i)le' e‘a.n make^ 
without running the risk of lilurring. For exposures leenge'r t han this, a, t rijeoel supf)e)rt 
for the camera will be found useful or even nece^ssary. 

4 B. Remedy. —None. 

IG. Distinguishing Cdiaracteristic. Background blurreul, hut images eef meiving 
object in foreground reasonably sharp. 

2C. Cause .—In order to obtain sharp image of moving objee-t, euuneu-a has l>e>e‘n 
moved to lollow it. The background has be^cn sacrificeei to eeblain sha-rj) images e>f 
moving object. Such results are often olitained in photographing fasl.-me) ving e)hje'e'ls. 

3C. Prevention. —This type of blur may he eliminated or at least minimize'el by 
(a) photographing the moving object from a greater distance so that tlie ndative 
inotion is less apparent, ( 6 ) photographing the subject so as to obtain a. mori^ lu'arly 
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“head on” view, (c) using a shorter exposure so as better to an-est the relative motion. 
In the latter case a larger aperture or a faster emulsion may be required to obtain the 
proper exposure with the shorter shutter speed. 

4(7. Remedy. —None. 

ID. Distinguishing Characteristic. —Some planes of the image in sharp focus; other 
planes out of focus. 

2D. Cause. —Insuffic'.ient depth of focus. 

3D. Prevention.- —Depth of focus ma.y be increased l\v using a smaller aperture 
in taking the picture. For a given ap(n'ture, greater depth of focus will be obtained 
with a lens of short focal length rather than one of long foc'.al length, but persxoective 
considerations must bo taken into account in selecting a lens of proper focal length. 

4D. Remedy. —None. 

lE. Distinguishing Characteristic. —-Image generally indistinct. 

2E. Cause. —A negative lacking in sparkle, snap, or contrast may be due to (a) a 
dirty lens in the camera, (b) flat lighting or lac.k of contrast in the original subject, (c) 
insufficient contrast due to insufficient development, or (d), although relatively rare, 
fog or moisture condensing on the lens of the camera. This latter condition is espe¬ 
cially prevalent if the lens is suddenly removed from a cold dry atmosphere to a warm 
moist atmosphere, in which case moisture condenses on the lens until the lens reaches 
temperature equilibrium with its surroundings. 

3E. Prevention. —(a) C'leaidiness is the only answer here. The lens shoidd bo 
kept clean. Dust should be remov('d with a (^amel’s-hair brush. A dirty lens may be 
cleaned with soft lens t.issue, after the hms has luam breathed upon so as to condense 
moisture upon it. Water, idcohol, or otlier licpiids should not bo used, noi- should linty 
or coarse cloth be used in wiping tfie lens. (5) IHat. light.ing or lack of (a)ntrast in the 
original subject ofhvn cannot b<^ prev<mt(Hl, esptaaally when making outdoor pictures 
on cloudy days, (c) ('out.cast ca.n be increased (iip t,o its limiting value) only by 
proper exposur(^ arid (hwclopim'nt. Contrast dc^pends upon the <!xposun^ range, but 
for flat subjects witli litt k^ cont rast t he a.ppa.r(mt. cotitrasl. may lx*! incn'iased by fairly 
long devdopnuml. of IIk' lu'gativa^ a.nd then [)rii»ting on a. contrasty gra.ch' of paper, 
(d) Do not subject the Urns to suddt'u elmuges in ti'mix'rat-un^ or humidity. If tliis 
cannot he avoithxl, allow t Ix^ lens to nuich equilibrium condit ions wit h its surrounding 
atmosphere before making exposun's. 

AE. Remedy. —Printing a, Hal. n('ga.t,iv(^ on a. <x)ntra.sl.y gra.d(^ of print,ing pa.i)er is 
I)erhapH the best rtmuxly for improving (X)ntrast. No i'(nnedy for other causes. 

IF. Distinguishing (Uiaracleristic. —Parts of film out of bxuis or indistinct, with 
remainder of film sal ishictorily sliarp. Honul.inu^s t.lx^ images may also Ix'. somewhat 
wavy. 

2E. Cnw.sv’.—Film vva.s budvh'd in (ilm holder <luring exposing'; not. perleet.ly flat. 

3F. Prevention. —M,a,int.a.ining the libn at utnform t.('m]K'ra,t.ure, allowing film to 
reach e(]uilibrium t.('inp('ra.t.ui'<^ with its surroundings Ixl’ore t.a,king pietun^ if it has 
been subjcxl.ed to smhhm ternpei'a,t un' change's, a,n<l loa.<ling tlu' film in its holder just, 
prior to (exposure' are' useful in minimi/ang t his l.yi)e of deh'ct,. Buckling of film occurs 
much itmre^ fr(X|U('nt ly wit h large* t han wit h small negative's. '^Fhe' (ilm lx>!(leirs she)uld 
be inspeed.exl t.o sc'c t.lial. t.he'y holel t.he^ film pre)p('ily Mat,. In e'xt.n'ine': caseis, it may be 
necessary to use' plate's rat,he r t han film. 

4F. Remedy.-- - Kona, alt.he)ugh re't.e)U('hing may be' use'el in many e'.a.S(‘S t.e> counteract 
the uiidesired fuzzineess eluee te) bue'kling. 

Multiple Images. 

1. Distinguishing Characleristic. Midtiplc images appeatring su{)eerimposed on the 
same negatives. 
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2 . Caxbse. —Exposure of the same film more than once. 

3. Prevention. —Certain modern miniature cameras cannot be operated xuitil the 
roll film has been wound so as to have a new frame in place. Thus, double exposure 
is automatically prevented. For other roll-film cameras, turn the roll film until a 
new (unexposed) portion of the film is in place immediately after each exposure. For 
film-pack cameras, pull the exposed negative after each exposure to the back of the 
pack with the paper tab provided for that purpose. For plate cameras, I'omove 
exposed plates from the cameras immediately after exposure, and mark the holders to 
indicate plate has been exposed. 

4. Remedy. —None. 

Distobtei) Images on Negatives 

Distorted images on negatives, like blurred negatives, are to be regarded more 
correctly, as a general rule, as being due to defects in the manufacture, application, or 
use of the optical system of the camera rather than negative defects per st^ '’I'Ik; 
discussion of distorted images included here is intended as an aid to the photograplnu' 
in perfecting his technique and in locating possible trouble in or improper use of his 
equipment. 

Distortion Due to Buckling of Negative. 

1 . Distinguishing Characteristic. —Part of negative out of focus and fuzzy, alt.hough 
remainder of negative may be quite satisfactory. 

2 . Cause. —Buckling of film in the plateholder before or during exposure. 

3. Prevention. —Care in inserting film in film holder and making sure that t.lu': film 
is held perfectly flat; inserting film in camera just prior to exposure; mainlaining film 
at constant temperature and humidity are effective aids in minimizing buckling. 
Buckling is greater with large film than with small films. In extreme eases, plates 
rather than films may be required. 

4. Remedy. —None, aside from retouching negative. 

Distortions Due to Camera Adjustments. 

1 . Distinguishing Characteristic. —There are several jiossihle di.stinguishing chiirae- 
teristics for distortions due to camera adjustments or misadjustments. 'The most, 
common and most important of these include: (a) too much of subject includtMl in t he; 
picture; ( 6 ) insufficient amount of subject included in the picture with, perlmps, i)a.rt, 
of desired subject not included; (c) improper perspective; (d) veitical liiu;s converging; 
(e) too much or too little foreground included; (/) slight lateriil distortion. 

2 . Cause .—Generally the'defects mentioned a.l>ove are caust^d liy improjxu'ly using 
the (!a,inera adjustments, or mn.y result because the camera, is not provided with a.djusl- 
ments, which are required for the type of work being undertaken and whicdi would 
enable the photographer to prevent these distortions. More specifically, the (auisx's 
may be given, respectively, as follows: (a) If the perspective is sa.tisfa.(dc)ry but t h<; 
image is too small, the diflicidty was that the camera was too far removt'.d from llu; 
desired sulxject. If the pei'spective is bad, this may mean that a. hais of too short focal 
length or too wide an angle of vit-w was usx'id. Bad perspective' may also Ix' diu' t.o 
viewing the picture fre)m In(;orr('ct disf.ancc;, wheti tiit her a. coidacf. print or a,n ('nla.rg('- 
ment is ma.de. (b) This dc'fect may he the reve'rse of (a) or may Ix' du(' t.o impi'opc'iiy 
aiming the canu'ra at (.he desired subject. If the image; is e)f pre)pe;r pe;rspe'e‘( i ve; and 
size luit the sul)jee;t is not ent,ir{;ly included in t.he pie'tnre, faulty aiming of the; e-ann'ra. 
is indicated. While such re;sult.s can always be aveiieled with vie;w eiameras, (;a,inera.s 
provided with precise view' finelers ee)rrect(;el for parallax, anel single;-lens reflex ca.me;ras, 
results of the type mentioned are not infrequently ene'.e)untered with less expe'usivc 
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cameras having view finders at the edge of the camera and which are not corrected for 
parallax. The condition will be most aggravated in photographing subjects near the 
camera. If the perspective is poor, a lens of too long a focal length may have been 
used for the conditions under which the print is to be viewed. If the perspective is 
correct but the full subject is not included in the picture, the camera was placed too 
close to the subject. The matter of perspective depends not only on the focal length 
of the lens used, but also on the degree of enlargement and the normal viewing distance 
of the print, (c) Improper perspective may be due to using lens of improper focal 
length, improperly viewing the picture, or enlarging the picture so that when viewed 
in the normal manner it does not present proper perspective, (d) Convergence of 
vertical lines is often caused by iDointing the carnei'a up at an angle in order to include 
the top of the desired subject. This type of distortion is frequently encountered in 
anihitectural photography where its effects ai-e also most objectionable, (e) Too much 
foreground results from pointing the camera down or, more usually, by not properly 
raising the rising and falling front. Too little foreground I'esults from the reverse 
condition. (/) Lateral distortion, especially objectionable in portraiture, often results 
from attempting to photogra,ph a long object at an oblique angle. Relatively few view 
cameras are provided with lateral swing backs, use of which would prevent this defect. 

3. Prevention. —(a) Bringing the camei-a closer to the subject and using lens of 

proper focal length will assist in preventing these distortions. The focal length of 
tlie lens should be approximately equal to the diagonal of the negative for good per¬ 
spective. (b) Faulty pointing of the camera may l)e prevented by using a ground-glass 
back for focusing. For the case of small cameras provided with a reflecting view finder 
or wire iconoscope having no provision for correcting parallax, it is frequently possible 
to ol)ta.in better results by focusing as well as possible with the view finder and then 
(•correcting for parallax l>.v turning the c.anHU’a slightly about a vei'tical axis thi’ough the 
lens. Some experience is rcHpiired to obtain the proper degnui of shift, altliough judg¬ 
ment of the proper shift, is aided by sighting along the cainera as close as possil)le along 
tlie optica,1 axis. A hms of shorter focal lengtli or of wider angle will also allow more 
of the subjiHvt to be included on the Tiegativc;, altliough jxu-spective considerations 
must be given attention. Otlierwisc: the camera, should be removed farther fi'oni the 
suliject. (c) For pnwimtion of incorrect persixudive, see pa.ge:s 26 and 94. (d) Con¬ 

vergence of vm’tieal lines ca.n be prevented liy making use of tlie swing ba.c.k. Swinging 
front, and rising front, if these a,djustment.s are providiul on the caimu’a. Th(^ hack of 
t he camera, (or more striidly, the plane of the: negative) should a.lwa.ys he vortical when 
nuiking a,rchitectura,l pliotographs, to jirevent distortions. The reason for this is one 
of (Hinvention a,nd in having become a,c,custonied to artists’ drawings, rather tha.n one 
of intrinsic, cornud tiess. It is also prid'erarlih^ that the axis of the lens Ix^ horizontal 
when normal a.r(diit<;(d.ura,l sidijccts a.re! photogra,plied. The; t.oiis of tall buildings ma.y 
then be included by raising t.he rising front, and if this a.djustanent is insudicient, by 
l.iltingthe bed of the ca,niera, ui)wa.rd to furt.hcr raise tlu^ lens wit.li respect to the nega¬ 
tive. (c) Hy raising the rising front, less foreground is included; by lowering the 
front, more foreground may be included. (/) La,teral distort,ion may be prcventcxl or 
minimized hy making use of tlie vertical tilt back, if the camera is iirovided with this 
adjustment. 

4. licviMlj /.— In general, t.liere is no remedy for negatives containing the distortion 
defects enumerat.cd a.bove, except retouching of the negative, or imiking a, new |)lioto- 
graph under more desirable a,nd correct conditions. In certain easels some forms of 
distortion ma,y be corrected or minimiziHl in jirojection printing by t.ilt.ing the bed of 
the enlarger to compensate for distortioin in the print. But. while satisfa.ctory in some 
cases, such corrective niea.sures are inferior to the result,s which might Vie obtained 
from a negative originally without, distortion. 
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Distortion Due to Film Shrinkage. 

1. Distinguishing Characteristics. —Shrinkage of film so that negative is not a 
properly scaled image of the subject. 

2. Cause. —Swelling, expanding, and contraction of gelatin. 

3. Prevention. —Some swelling of the gelatin always takes place when, it is wet. 
Distortions to film expansion or contraction can be minimized by processing in solu¬ 
tions, all of which are at the same temperature. In copying or process work where' 
slight distortions due to shrinkage are most serious, plates will be found preferable to 
film. 

4. Eewed?/.—None. 

Distortion Due to Improper Monochromatic Rendition of Color. — 

1. Distinguishing Characteristic. —In monochromatic photography, the brightru’ss 
of the gray image on the negative is not inversely proportional to the brilliance of the 
colored image as evaluated by the human eye. This is sometimes difllicult to deter¬ 
mine in the negative but is usually apparent in a print, since the mono(“hroniatic. 
rendition of colors does not bear a close direct relation to the visual brilliance of the 
corresponding part of the subject. 

2. Cause. —This defect may be due to any one or more of the following causes: 
(a) use of orthonon (noncolor sensitive) or orthochromatic materials, which are 
deficient in sensitivity for some regions of the visible spectrum; (6) failure to use proper 
light filters, or failure to use any filters whatsoever; (c) use of light source having such 
spectral-energy distribution as to produce incorrect or undesired results with the type': 
of negative emulsion and filter employed. For a more complete discussion of this 
subject, see chapter on Light Filters, page 312. 

3. Prevention. —The proper use of the corr(;ct typo of negative emulsion, filtt'r, 
and light source to give the desired result. 

4. Remedy. —None, aside from retouching the negative or prints made from it. 

Distortions Due to Lenses. 

1. Distinguishing Characteristic. —Wlum the distortions of an image on th(' lU'ga.- 
tive are due to distortions produced by the lens system, a wide variety of distinguishing 
characteristics may be observed, depending upon the lens defect, or the improper use 
and application of the optical system of the camera. The most common distinguishing 
characteristics (although hardly common even in inexpensive cameras of good manu¬ 
facture) are (a) same image does not appear identical when taken under conditions 
identical in all respects except that the lens (and consequently the canu'ra) is rotat('<l 
90° about its central or optical axis; (6) colored images are lacking in detail and sharp¬ 
ness and are difficult to focus sharply on ground glass, although diarp focusing may b(' 
obtained with monochromatic subjects; (c) image's are curvc’d, so as to give effect ol 
barrel or pincushion distortion which is especially objectionable when photographing 
architectural subjects or copying line drawings; (d) distortion of bright point into a, 
pear-shaped image; (e) center of picture in focus, but outer edge out of focus, or vice 
versa; (/) image cannot be sharply focused under any conditions with either colored 
or monochromatic subject, and consequently fuzzy and unsharp lu'gatives rt'sult ; 
(g) unequal illumination of field; (h) negative shows image in a circle, usually with 
diffused edges. 

2. CWstf.—Tliese distortions are due, respectively, to; (a) astigmatism, (b) 
chromatic aberrations,_ (c) curvilinear distortion, (d) coma, (c) eurvaturc of fic'ld, 
(f) spherical aberrations or perhaps scratches in the lens, (g) probably due to k-ns 



DEFECTS IN NEGATIVES AND PRINTS 


517 


being off center from center of camera, and (h) using lens which will not cover the 
entire negative area. ■ 

3. Prevention .—Since these defects are inherent in the lens system itself, there is 
usually nothing that the photographer can do which will prevent or correct these dis¬ 
tortions without changing his lens system. Every lens contains soipe defects and 
distortions although in most cameras these have been reduced to the point where they 
are of no consequence for the ordinary run of work. In certain classes of work, where 
high precision, sharp definition, and absolute freedom from distortion are required, 
the best possible lenses will be required. Under (g) the photographer may be able to 
align the lens and camera so as to produce even illumination if the defect is caused 
simply by improper alignment. In (h) the difficulty may be due to use of a lens of 
insufficient covering power for the plate or film used, rather than an inherent lens 
<lefect. Replacing by lens of greater covering power, or using a smaller plate which 
t he lens will cover, will correct this trouble. 

4. Remedy .—The remedy for a defective optical system in a camera consists in 
obtaining another but satisfactory lens system, or returning the defective lens to the 
manufacturer for whatever grinding, polishing, or other corrections may be required. 
Items (ff) and (h) may be corrected by the photographer as enumerated under 
Prevention. 

Fogged Negatives 

Fog may be defined as a uniform darkening of the negative due to a deposit of 
silver which does not form a part of the image and which may partially or completely 
obliterate the image. Fog tends to increase the density and decrease the contrast of 
t,he negative. Fog may be general, in which case the entire negative is more or less 
uniformly darkened, or it may be local, in which case only a part of the negative is 
darker than it should be. 


Aerial Fog. 

1. Distinguishing Characteristic .—General veiling of tlie negative or portions of the 
negative exposed to a.ir during development. 

2. Cause. —J'lxposure to air during development. The tendeiu-.y toward aerial fog 
is espcH-iully marked with (attain freshly prepared developers or by developers contain¬ 
ing formaldehyde. Aerial fog is produced only with hydroquinone under ordinary 
processing conditions, but developers such as pyro, glydne, and para-aminophenol 
produce am-ial fog in the presence of traces of (‘.opper or tin salts. Even slight traces 
of salts of c.oppiu' produce dt^c.ided amlal fog. Fogging increases as the proportion of 
adkali and hydroquinine is in(‘.reased in metal-hydroquimne developers. It is especi¬ 
ally bad in some met.hods ol processing motion-picture film. 

3. Aerial fog may !.)(> redu(!cd liy the use of desensitizers, by the 
a.ddition of sulphite or liromide to the developer, <n- by the use of partially oxidized 
developers. Under ordinary conditions, the addition of 2 parts of pinakrytol green 
i)er 1,000,000 parts of (hweloper will jirevent aerial fog. A predevelopment bath of 1 
part of pina,kryptol green to 25,000 parts of water is also effective in preventing aerial 

fotr. 

4 R(;)ne<ty.~-8oxnotmics rtaluction may be resorted to, but frequently there is no 
renuxly. 

Dichroic Fog. i i - i, 

1 Distinguishing Characteristic. —Two-color fog which appears as green or reddish- 

green sheen by reflected light and red by transmitted light , 

2. 0mi.se.—This type of fog is produced by a deposit of finely divided Partides of 
silver, the size of the particles determining the color as seen by transmitted light. 
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may, therefore, be produced wherever free silver is encountered such as in the develop¬ 
ing or fixing baths. In development, dichroic fog is formed in the presence of some 
silver bromide solvent such as ammonia, an excess of sulphite or alkali, or hypo. 
Thus, in single-tank processing, residue of hypo in the tank may produce dichroic fog 
the next time development is done. If the fixing bath is not acid, or if it is exhausted 
or contains an excess of dissolved silver, dichroic fog may be produced in the fixing 
process. 

3. Prevention .—Dichroic fog may be prevented from being produced in the devel¬ 
oper by adding lead acetate to the developer or cleaning the processing system with a 
hot sodium hypochlorite solution. This procedure prevents the formation of sulphide 
accumulations. The addition of 1.5 g. of potassium iodide pe/liter of developer will 
tend to decrease formation of fog by converting dissolved silver bromide into relatively 
insoluble silver iodide. In the fixing bath, dichroic fog may be prevented by main¬ 
taining the bath at its normal acidity and by using an intermediate bath of clear water 
between developing and fixing so as to diminish the amount of developer carried over 
into the hypo. Hardening the gelatin before development also tends to reduce tend¬ 
ency for the formation of dichroic fog. 

4. Remedy .—Dichroic fog may be removed by rinsing the negative in a solution 
of 0.5 gr. of potassium permanganate (KMn 04 ) to each ounce of water until the fog 
has disappeared. The brown stain of manganese oxide which forms dixring this rinse 
may be removed by washing the negative in a 5 per cent solution of potassium meta¬ 
bisulphite or of sodium bisulphite. 

Chemical Fog. —(See Development Fog.) 

Development Fog. 

1. Distinguishing Characteristic .—General or local veiling of imagt^ diui to deposit 
of silver on the negative. 

2. Cause .—Practically all fogging troubles not directly caused })y light are grouped 
together under the general classification of chemical fog or development fog. Devel¬ 
opment fog may result from any number of factors (some of which are treated sepa¬ 
rately in this section) and includes certain types of fog which are likewise treated 
elsewhere in this section. Thus development or chemical fog may be due to (a) the 
nature of the iregative emulsion, {h) the factory processing of the emulsion (emulsion 
fog), (c) the age and past history of the negative, (d) the nature of the developer, (c) 
impurities in the developer, (/) the time of development processing, (gr) the tempera¬ 
ture of development processing, (d) the presence of metallic salts in tlu^ dcrveloper, 
(i) the presence of sodium sulphide in the developer, (j) the general processing during 
development which may give rise to aerial fog, or {k) the nature and intensity of the 
darkroom illumination, for example. 

3. Prevention .—The manner of preventing the various tyjxes of develojxment or 
chemical fog depends upon the specific cause of the fog. A(a*,ording to thcr classifica¬ 
tion given above, the following preventive measures have been found usth'ul. 

a. The amount of fogging of a negative is proportional to the speed of the ncga,tivo 
or its sensitivity to light. Consequently, most difficulty from fogging may usually 
be expected from fast panchromatic emulsions, with minimum fogging resulting when 
slow noncolor-sensitive emulsions arc used. Some fog always ocauxrs, xxlthough undfu- 
proper conditions this may usually be neglected for practical purposes. 

h. Emulsion fog resxxlts from the presence of developable grains of silver halidxj in 
the unexposed portions of the emulsion. Emulsion fog is usually greater in fast emul¬ 
sions than in slow emulsions and may be produced in the process of nuxnufacture by 
contact with fogging materials or by deterioration with age. 
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viring storage, emulsions may show a tendency to fog. This tendency is 
ted in the presemie of moisture and heat and in the presence of such gases and 
IS hydrogen sulphide, coal gas, and fumes of turpentine and benzol. Conse- 
, preventive measxircs should be those which will protect the stored negative 
I from exposui'e to chemicals, gases, fumes, light, undue heat, and other radia- 
Keop on hand only such material as will meet normal demands for negative 
1 . 

^hen properly used, none of the common developers produce sufficient fog to 
>us in practical photography, except possilily in certain kinds of scientific 
h’l'esh and properly compounded developers are the best preventive against 
luced by the developer itself. The developer should be free from impurities, 
ly those of metallic salts, and should be used at the normal recommended 
iturc. This will ordinarily be between 60 and 70°F. 

inpurities in the developer may produce appreciable fogging. lixccss of sul- 
f the presence of juetallic salts in the developer or the metals tbomselves are a 
ly common source of fog. The only preventive is to use properly com- 
d dtwelopers of chomic'.al purity and to ascertain that impurities do not con- 
te th^^ dev’eloping solution. Traces of metals or metallic salts may easily come 
etallic developing tanks. 

"'he a,mount of fog is I’oughly proportional to the time of development, so that, 
..s fog is concerned, it is inadvisal)le to prolong development beyond the normal 
‘Commended by the mamifacl.urer of the photosensitive material. 

[.^ovc^lopment, as pra.c.ti(‘ahy all ehemical reactions, proceeds at a more rapid 
. liigh than at low temptu-a.tur<^H. CouH<H|uently the tendency toward fog 
ew as tlu^ temptu-al.un^ of the: developer is increased. For normal processing, the 
ec-.oinnumdation of manufacturers is tluit the dc'veloper tcrnpera.ture should not 
7(rF. or 21°C. 

^rh(‘. prc'seiiicn of nu‘t,a,llic salts or of in<h.a.ls in the devtdoptn's is to l)e avoided. 
rh«‘. prestuua* of (‘XC('ss suii)liite in t.h<^ dev(do})e:r shoiild l>t‘ a,voided. 

SiiKH! acirial fog n'sults from exposun^ of the wch, lu'gativc:: to the air during devel- 
.1., this type of fog may b<^ reduccHl or (‘liminated by keeping the negative material 
‘ft^Iy subincrg(Hl in solution during tlevc^lopnumf,. 

Too intense a. darkroom light or the: wrong typt^ of safc^-light lilter for the type 
tlsion l>eing procu'ssc'd nuiy nisvill. in light fog or in pa.rtia,l or complete, reviu'sal 
image': (luring (hevelopnu'iit. d’b<^ d.-irkrooin sa.f(‘ light should (1 ) pass only those 
‘ugidis for whie^h (he lu^gal.ivc' is insensitive; or (2), in tfie (ra,H<^ of panchroiruitiii 
ions, sliould tra,nsmit rree:!^' only hi (he region for which t.h<‘ huimui (‘yc: is most 
ve at low light inl.cuisitic's. Tlu' recommendal ions of (fu^ n>a.nura.c(.urer may b<‘. 
foi' th<^ typ(' of sah'-light. filler to us<‘ with a. given emulsion. ]VIa,nufa(‘tur<‘r’s 
ineiulat ion.s c.onccu'ning t he a,mount <>l light, to use: may hc'. takem as a, genu'ral 
hut pnictical t.c^st.s will indicates whether or not a.ny part.icLilar situation produces 
ig- 

inera.liy spesaking, <l<';velopm(snt. or ehuunical fog may he esliininatesel or minimized 
) using frtssh, pure, and properly eomjjounelesd eleve‘lopesrs, (2) developing for the 
:t times a.nd at the' c.orre'ct teunpeM-a.!iirc', (;i) kese'ising the: ne'gativc completesly 
(irge'd in el('velope'r, t l ) elevesloping in absolute' dnrkiu'KS or wit h a, safe light whie'h 
e'esn provesd satisfactory. 

Iteniedy. “(h'ne'ral reMluclion of the' negative' may somest.ime's he* he'lpful. 
sion Fog. 

J) 7 .s(rti.guisfnii.{j Chardci.cr-i.siic. —Ck'iu'ral veil of fog on negatives not nccouuted 
y light or clusmical fog 
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2. Cause. —Presence of developable grains of silver halide in the \inexposed por¬ 
tions of the negative. Probably due to (a) contact of negative with fogging materials, 
(5) deterioration of negative material with age, or (c) as a result of manufacturing 
operations. 

3. Prevention. —(a) Store so as to be free from light, undue heat, or other radiations 
or from gases and fumes. (6) Use materials within the expiration date established 
by the manufacturer. Store in cool, dry atmosphere, (c) There is no remedy iti this 
case, although the amount of emulsion fog due to mamifacturing processes should 
never be appreciable with products made by a reliable concern. 

Light Fog. 

General fog may be produced by light as well as by chemical action. Light fog is 
the more common type of fog, especially if a properly compounded, fresh developer of 
chemical purity is used, 

1. Distinguishing Characte^'isHcs. —General fog or darkening of the negative; also 
local fog which may appear as streaks, often with straight edges. 

2. Cause. —In general light fog is caused by light striking the negative prior to 
fixation in the hypo,bath. The manner in which the light may strike the. photosensi¬ 
tive material varies considerably, but among the possibilities may be mentioned: 
(a) fog produced within the camera due to imperfect, old, or loose construction whicdi 
permits passage of light through various parts or through joints; (6) by the improper 
use of camera equipment, such as inserting the slide of the plateholder by one corner 
instead of by the entire edge; (c) use of camera and accessory fittings not intended to 
be used together, such as incorrectly fitting plateholders; (d) loading or unloading tlici 
photosensitive material in light which is too strong; (e) by using too strong a salt*, 
light in the darkroom or a safe light with filter unsuited for the emulsion or l)y permit¬ 
ting the negative to be exposed too long to the darkroom lamp; (/) by chemical emana¬ 
tions from the finish of camera parts. 

3. Prevention. —In general, the best prevention for light fog is to handle and |)ro(r(\sK 
the photosensitive material in sufficiently subdued light (or in the case of pa,nchromat.ie. 
emulsions, in complete darkness), so that light radiations can produce no fog. Pnv 
ventive measures for items (a) to (c) above will suggest themselves when th(^ tru(> 
cause of the fog has been determined. In the case of (/), exposure of camera parts to 
strong sunlight and painting interior of the camera parts with a weak solution of pota.s- 
sium permanganate have been foxind helpful. 

4. Remedy. —Reduction may sometimes be useful in remedying gcmeral fog. 

Local Fog. 

1. Distinguishing Characteristic. —Fog or uniform darkening of parts of tlu' nega¬ 
tive in a manner having no relation to the photographed image. 

2. Cause. —Same as Light Fog (see above). 

3. Prevention. —Same as Light Fog; see above. A frequent ca.uso for hxuil light 
fog is pinholes in the bellows of the camera. In this case, the pinholes may bc^ 
detected by placing a'lighted electric lamp inside the bellows, a,nd wa,t<diing for the 
spots of light in a darkened room. The pinholes may be repaired by cenumting a. j)ic^ce 
of thin black opaque leather or cloth over the hole. 

4. Remedy. —Local reduction of the more dense portions of the negatives may 
sometimes be helpful. 


Inoorrbot Contrast 

It is sometimes difficult for the beginner to distinguish between inco-rect dmisity 
and incorrect contrast in negatives, especially since a given negative niay possc'ss both 



DEFECTS IN NEGATIVES AND PRINTS 


521 


defects simultaneously. For this reason it is suggested that the section following, i.e., 
Incorrect Density, be read in conjunction with this one if any doubt exists as to the 
proper interpretation of density and contrast. It is also suggested that reference be 
made to the chapter on Photographic Sensitometry, where the matter of proper expo¬ 
sure and rendition of tones in negatives is taken up in some detail. 

Incorrect contrast is usually caused by incorrect development if it may be assumed 
that the original subject had satisfactory contrast and was correctly lighted. 

Contrasty Negatives. 

lA. Distinguishing Characteristic .— Shadows lack detail and other tones are too 
contrasty. 

2A. Cause .— Underexposure and overdevelopnient. Overdevelopment may have 
been caused by using too strong a developer, developing too long a time, or developing 
at too high a temperature. 

3A. Prevention .— Give longer exposure and less development. Use developer of 
proper strength at proper temperature for proper time. 

4A. Remedy. —Excessive contrast can be corrected by printing on a soft-grade or 
fiat printing paper. No remedy for lack of detail in shadows. 

IB. Distingiiishi7ig Characteristic .— Detail in all tones, but all tones too contrasty. 

2B. Cause. —Proper exposure but overdevelopment. 

3i?. Preveniio'n. —Develop for pi’oper time and at proper temperature. 

4B. Remedy. —Printing on soft grade of paper will correct (U)ntrast. Since the 
negative is (correctly exposed, full correction can l:>e made in printing. 

1(7. Distinguishing Characteristic. —High lights lack detail; otluu t<^ncs too (H>n- 
trasty, 

2C. Cause .— Overexposure and overdevelopment. 

3C. Freve7i.tion.-—hess exposure a,nd less development. 

4(7. Remedy .— Printing on soft grade of paper will eorveei for c^x(*.essive e(3iitrast. 
No remedy for loss of detail in high lights. 

Drying Down. 

1. Distinguishing Characteristic. —NegHl.iv(>: npnc^a.rs projxu'ly exposed and devel¬ 
oped whem wet, but (contrasty and oven^xposed in (lu^ high lights after benng dried. 

2. Cause, —Slow drying of negative; at high tcnnixu-at u^(^ and higii humidity. 

3. Prevention. — ''Vhe t(unp(M'ature at which drying t.a.k(^s phu*.e should usually not 
(^xeeed 95‘"F. unh^ss the m^gativc^ is hardeiuHl. Best drying is <)))tain(Ml with the rela¬ 
tive humidity l)etween 40 arid 70 per (*ent. 

4. Ileunedy .—(Contrast may be h^ssenieul in [>rinting by printing on a. soft or Hat 
paper. No renu^dy if high-light, eicdail is hudeing btH-ause' of ovco'c^xposure^ 

Flat Negatives. 

\A. Distinguishing Cliaracleristic. —B\\iu\o\\’s Ia.<*k (hd.a-il a,nd tlu> ot.hcu* tones an 
too flat and lacking in (uintrust,. 

2A. Cause .— Undere^xposurc^ a,s indica.t(Hl by hick of shadow detail; underchwelop 
ineiit as indicated V)y lack of contrast. 

3d. Prevention .— Proper ex|)osure a.nd propm* (lc^v(doi)m(ait. A good (^xposur 
meter will assist in properly detcvrinining exposures d'he rc^commendations of the Hln 
manufa(*turer should \)e followed in d(W<dof)ing, botli as t,o t,im<* a.nd to tcanpta'atiirc 

4A. Remedy. — Density may be in(*.rea,S(xl by int(uisifying, altliough hudv of shado\ 
detail <‘.annot bo corre<d,ed. liest (a)rrectlvc; nu'jusurc^ is to makc^ a |)rint on eon 

trjisty pap(^r, although sluulow dcd-all will still be la,c*king, 

1/:?, Distinguishing ('Characteristic. -Detail in all toru's, l>ut, all toiu'is too Hat. 
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2B. Cause. —Proper exposure, but insuiScient development. Developer too cold; 
insufficient developing time. 

ZB. Prevention. —Develop at time and temperature recommended by tlu‘ ma,mi- 
facturer. 

4jB. Remedy. —This condition may be remedied in the final piunt by printing on a, 
contrasty grade of paper. 

1C. Distinguishing Characteristic. —High lights lack detail, and all ton(\s arc': too 
flat. 

2(7. Cause. —Overexposure and underdevelopment. 

3(7. Prevention. —Correct exposure and development. Give less exposure. 
Develop for a longer time or at higher tempei-ature. Make: sxire the d(‘\mloper is not 
exhausted. 

4(7. Remedy. —Printing on contrasty paper will remedy lack of conti-a.st in f.lm 
negative, but lack of detail in high lights cannot be corrected. 

Reversal of Image. 

1. Distinguishing Characteristic. —All or part of the negative shows positive 
rather than negative image when viewed by transmitted light, d^he typci of image 
seen by reflected light cannot be considered as giving true indication. 

2. Cause. —Reversal image may be due to excessive exposure or, more usually, to 
light fog of the negative during development. In'the latter cas(i the image whicdi first, 
develops serves as a negative for the exposure from the darkroom illumination during 
development. Thus the already developed image is impress(Hl on the silvtu- grains in 
a lower layer of the emulsion, so that a positive image results. Ileversa.1 of imag(* <lue 
to operation on the negative slope of the H and D curve roquire.s cixc(\ssive (^xpo.sur<\ 
time in most cases but can be obtained for exposures of reasonable tinui wlien {)lioto- 
graphing the sun or other bright bodies. 

3. Prevention. —Sufficiently subdued darkroom illumination and prot('ction of 
negative from exposure during development, or manipulation of (nitin' pbotogra.pbi(^ 
Processes in complete darkness. Reversal of iniagt! du(‘ to ov(U’('xj)osur(‘ is .su(Iici(*nt 1 v 
difficult to produce that any reasonable exposure will prevent this oc<*urr(mc('. 

4. Remedy. —None. 


Incorkkct Density 

As incorrect density and incorrect contrast are frequmitly pr(^s(^nt .siniulta,ru‘ously 
in the same negative, it is suggested that this solution b(‘ rivid in (ainiM'ction wil.Ii IIk* 
previous se(ition on Incon-eet Contrast if any doubt (exists as to propiu- inlcrprel ation 
of characteristics of the negative. 

Dense Negatives. 

lA. Distinguishing Characterislic.-~-lAo^x\\\\'o g(*n('ra,lly dense', vvitli (b'lail lacking in 
high lights; other tones too flat. 

2A. Cause. —Overexposure and underdeivfdopnu'iit. 

Prevention.- —kess exposure and grtmter dc'vi'lopment. 

4A. Remedy. —Print on (vmtrasty grade of printing jiaper. D<>nse negalivi' will 
require relatively long priiding time. No remedy for lack of d<'ta.il in high lights. 

IB. Distinguishing Characteristic.—^o.fy&t'wo dens('. High lights hick (h't.ai I; oHmr 
tones correctly rendered. 

2B. Cause. —Overexposure but correct development. 

ZB. Prevention. —Less exposure. 

4R. Remedy. Print on normal grade of papi'r. No remedy for la.<d< of high-light 
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1(7. Distinguishing Characteristic. —Negative dense with detail lacking in the high 
lights; other tones too contrasty. 

2C. Cause. —Overexposure and overdevelopment. 

3(7. Prevention. —Less exposure and shorter development, or development at lower 
temperature. 

4(7. Remedy. —Fvixvt on soft grade of paper. Dense negative will require relatively 
long printing time. Printing time may be reduced by reducing negative. No remedy 
for lack of high-light detail. 

Thin Negatives. 

lA. Distinguishing Cha7'acteristic. —Negative fairly transparent without much 
d(;posit of silver. Shadows lack detail; other tones too flat. 

2A. Cause. —Underexposure and underdevelopment. 

3A. Prevention. —Greater exposure and developnuint. 

4A. Remedy. —Thin negatives will require short printing time, which inay l>e 
increased by intensifying negatives. Print on contrasty paper. No remedy for lack 
of detail in shadows. 

IR. Distinguishing Characteristic. —Negative thin and lacking in shadow. detail; 
other tones correctly rendered. 

2B. Cause. —^Underexposure and correct development. 

3/i. Prevention. —Increased exposurcu 

4B. Remedy .—Print on normal grade of paper. No remedy for lack of shadow 

<letail. _ , 1 •! 

\C. Distinguishing Characteristic. —Nega.tive thin and kicking in shadow detail, 

othcir tones too contrasty. 

2(7. Cause. — UmUirexposure and overdevelopment. 

Prevention .—Greater exiiosure and hiss devidopment. 

4(7. Remedy .—Print on soft or flat gratle. of printing iiapm-. No remedy for lack 

of did.ail in shadows. 

Uneven Density. 

1. Distinguishing Charactertsfic. —Streak or area, of inc‘.orreel. <l<msity. 

2. Cause. —llnevim dcweloinuent or uiuwcm fixing. 

3. l^reventum. — Imnun-si^ (uitire film r:ipi(lly a,ml comph'bdy in developer and 
agi(.ate solution (luring (lev(dopment. Kept m(gativ(^ moving with nispead, to both 
solution and tray or lank by shaking or tilting tank or tray. If (hu^ to incomplete' 
or uneven fixing, ndixing to comiiletion will prevc'iit um^vc'n density. 

4 Retnedy .—If (hue to uneven development, lo(\a.l intensiti(aition may lie oi .some 
h('l|). If du(^ to uneven fixing, n'fixing to c.omphdion will sonud.imes help. 

Maukinus and Scots 


Air Bells or Gas Bells. 

1. Distinguishing Characteristic. -AKimud transpanmt spots with well-defined 
(ulges. Oc(“asionally in mof.ion-pic.tur<( proc((,ssing the spots nmy be elliptical rather 


than round. 

2. Cause. —Forma,tion of air or gas bells on t.h(^ emulsion side of negative during 
proce.ssing whi(di pnwents th(( solution from a,cling upon the emulsion. (a) A light 
or transpa,rent spot indicates flic formation of the a,ir bell during development. (b) A 
dark or opacpie spot indicates formation of bubble during fixing, (c) A simt which 
appears as a, brown or yc'llow-brown discoloration upon aging indicatcjs the forma,tion 
of air bidjbles during washing, but this is infreipient as negative's are usually agitah^d 
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during washing sufficiently well as to prevent formation of air bells. Shaded edges 
which may be fuzzy rather than sharp indicate that the size of the air bell changed 
during processing. 

3. Prevention .—Sufficient agitation of the negative in the processing solutions is a 
general preventive for the formation of air or gas bells. Bubbles may also be elimi¬ 
nated by brushing the surface of the negative with a soft cameFs-hair brush during 
processing. Formation of air bells during development may often be eliminated by ■ 
rinsing the negative in clear water prior to development. 

4. Remedy .—^Local reduction or intensification may be effective, although retouch¬ 
ing will probably be required. 

Bare Spots. 

1. Distinguishing Characteristic .—^Spot of bare glass or film free from emulsion. 

2. Cause. —Defect in manufacture. Occurs very infrequently, especially with 
negative materials manufactured by reliable concerns. 

3. Prevention. —None, so far as photographer is concerned. 

4. Remedy. —None, except possibly retouching. Manufacturers will usually 
replace defective materials. 

Black Spots. 

1. Distinguishing Characteristic .—Dark or opaque spots of various shapes, usually 
sharply defined at the edges. 

2. Cause .—Foreign matter imbedded in the emulsion during fixing, (hnatoping, 
washing, or drying. 

3. Prevention .—Keep negative free from contamination of dust, lint, and other 
particles. See that all solid particles are dissolved before using solutions. Filter a.ll 
solutions if necessary. 

4. Remedy. —Retouching. 

Brown Spots. 

1. Distinguishing Characteristic .—Brown spots, usually sharply defiiuMl, irregular, 
and often small. 

2. Cause. —Dry particles of developing agents settling on dry lu'galivc' la'il'orc' 
processing. 

3. Preveihiion. —Cleanliness in processing. Avoid mixing (^Inanicals wheax^ tlu'y 
may come into contact with photosensitive materials. 

4. Remedy .—Sometimes such spots may be removed l)y ha.rdc'ning the film in a 
10 per cent solution of formalin for several minutes to prevent swelling and frilling, 
after which the film is washed in water. The film is then bl(xi(4ied in a solution <d‘ 
CKpial parts of (a) 5 g. of potassium permanganate per liter of water, and (6) 75 g. of 
sodiunr chloride (common table salt) and 15 cc. of sulphuric acid per liter of solutioTi. 
The solutes (a) and (6) must be thoroughly dissolved Ixvfore the solutions ar<^ 
combined. After bleaching for 3 or 4 min., the brown stain of potassium perman¬ 
ganate is removed by immersing the negative in a 5 per cent solution of sodium bisul¬ 
phite. The negative should then be rinsed in water and developed in strong light wit h 
a nonstaining developer, such as metol-hydroquinone. 

Cinch Marks. 

1. Distinguishing Characteristic .—Fine transparent paralled scratchexs on emulsion. 

2. Cause .—From the friction produced when adjacent layers of film in a roll slide 
past one another. They are frequently produced when attempts are made to tighten 
a loosely wound roll by pulling on the free end. 
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3. Prevention. —Cinch marks can be prevented only by proper and careful handling 
of rolled films. Loosely wound rolls should not be tightened except by complete 
rewinding onto a new spool or reel. 

4. Remedy. —None. 

Cloudy or Wavy Appearance. 

1. Distinguishing Characteristics. —Cloudy or wavy appearance of negative; uneven 
density. 

2. Cause. —Insufficient developer to cover the negative or failure to agitate the 
negative in the developer, resulting in uneven development. 

3. Prevention. —Use sufficient developer to completely cover negative. Immerse 
negative quickly and completely in solution, and agitate solution during development. 

4. Remedy. —Local intensification or dodging in printing may help in certain cases. 

Drop Marks- 

1. Distinguishing Characteristics. — (a) Spots with gray halos. (6) Da.rk-gray 
spots with small white centers. (c) Hazy white spots. (d) Spots with dark narrow 
outlines. 

2. Cause. —These marks are due to water marks on the film during the drying 
process, (a) This type of spot is most commonly formed by drops of water on the 
base side of the film, although in some cases the water mark may have been on the 
emulsion side. (b) This type of spot often occurs when a large spot of water is left on 
the film which is subjected to rapid drying at high temperatui-es. (c) Sometimes hazy 
white spots occur if procc'ssing has been ca.rricMl on at temperatures well abovi; 70°F. or 
when the film is dried rapidly at high tmnperatures even though all excess moisture has 
been removed. (d) Spots having the sanu^ density as the rest of the film Vmt with a 
dark outline at the edge of the drop are caused by large drojis of water on the mnulsion 
side of the ni'gative. 

3. Preveniion. —(’areful a,ml systmnatic haliits in proi'cssing will guard against 
siudi .spots. The negativi' should b(^ pi-ot(^ctc:d from siilashing solutions. Sipieegeeing 
t.o nuuovii surplus and exci^ss surfacii moisture or removing this water liy blotting 
tlu^ surfaiai witli linth'ss (doth or a sponger l)efore drying is also <'ffe(ddve. 

4. R.eni.edy .— In some c;ases it. may Ix^ possible t.o (diminatc^ wat(‘r-drop marks by 
rinsing tlu' n(“gativ(* in wat('r a,ml n'drying umhu- propi'r drying conditions. \Va,t('r 
nuirks on bas(^ sidc^ of film sonnet,inu's may b(' rcmovunl by bn-a,t hing upon tlu^ film and 
then wiping it. with a (dean soft (doth. 

Dust Marks. 

1. Distinguishing Ctutraclerisiic.— l'tnsl or lint, imbedch'd in film. 

2. Cause. — Drying in dust.- or lint-la.d(‘n at inosplu'nv 

3. Prevention .—Drying umh'r projx'idy cont.rolhxl conditions. Ibunova.l of surface 
moist.ur(^ and drying nega.l.iv(>s in dustproof rra.m((s covered with (dosidy wovim fim*- 
m(\sh (doth whi(di has Ixxmi starclu'd or gla.z<‘(l will ludj) to piawaud. dust, rianflung the 
m'gative,. 

•1. R.etnedii .— Fnaimmt ly none. Soimd iim^s wa,shing and drying a. second t ime 
nn(I(M' jirojx'r eomlitions may Ix^ useful. 

Halation. 

1. Distinguishing aidrarterislic.-- Dark band, eiiadi', or n.iaa'i suriaximling high 
lights a.ixl fiaxpuMitly suggi“sfiv(‘ of double iinagiv 

2. (tause .— Halat ion is du(' to t lu' ndliMd ions whi(di occur from t.lu^ ba.(d\. of t he 
lu'gativi' support, wlu'ii brightly light.(ul objixds, smdi as st.rixd. lam])s in night str(X';t 
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scenes, are photographed. The condition is usually worse with plates than with film 
negatives, because the greater thickness of plates produces a larger arcsa of 
halation. 

3. Prevention. —The use of films or plates having light-absorbing or " an (,i halation ” 
backing will usually’- prevent halation. Films usually produce hiss ©bjc<>tional)l(^ 
halation than plates. In processing films or plates likely to show halation, give full 
exposure and full development. The developer should contain initially n. small 
amount of accelerator, and the amount of accelerator should be increascnl in small 
amounts, gradually, as development proceeds. 

4. Remedy. —^Local reduction or retouching may help sometimes. 

Fading. 

1. Distinguishing Characteristic. —Brown, yellow, or sepia tones in the negative, 
appearing some time after processing. 

2. Cause. —Incomplete fixation, or, more usually, incomplete washing aftej' fixing. 
Use of old or exhausted fixing bath containing excess of silver. Insuffieicmt a.gitation 
when first immersing films in fixing solution. Tendency to stain increases wit li old 
fixing baths which have become neutral or alkaline rather than acid and with strongly 
alkaline developing baths. 

3. Prevention. —Complete fixing and washing. A rule which is often follow(Ml is 
to fix the negative twice as long as the time required for the white opales(H’:ne(^ to dis¬ 
appear completely. Wash until all traces of hypo are removed. Make sur<^ that the 
fixing bath is acid. 

4. Remedy. —No remedy is available which is entirely satisfactory in all (nises 
although printing or copying the negative through a yellow filter has sometinx'S provt'd 
quite successful. These yellow silver stains sometimes may be eliminated by remov¬ 
ing hypo by washing thoroughly in water, and dissolving sodium thiosulphitc^ wit.h a 
1 per cent solution of potassium cyanide in which the negative is washed. Potassium 
cyanide is a deadly poison and gives off poisonous fumes of hydrocya,n i(^ acid. 
Extreme care should be taken to keep this solution from the mouth and to previmt 
breathing cyanide fumes. The operation with potassium cyanide should b(^ (tarried 
out in a well-ventilated room. The film should be reniov(nl from this hath as soon ns 
signs of reduction of the image appear and should be washed thoroughly in (dtm r wa ter. 

Finger Marks. 

1. Distinguishing Characteristic.~-Fu\g;o.T marks, frequcmtly showing IhM-lillion 
fingerprint lines. 

2. Cause. Impressing moist, wet, dii’ty, or greasy fing(U's on th(^ w('t or dry nega¬ 
tive. Damage is most easily done when the negative is wot, espcKually if tln^ fingen* 
print is made on the emulsion side of the negative, (a) Marks showing the lines of t lie^ 
fingers are most frequently caused by handling the dry negative with dirty, moist, or 
greasy fingers. (6) If the dark marks show merely an outline of the finger, th<' {nol)- 
able cause is that of handling the negative with wet or greasy luuids. (<•) If tlni finger 
marks are dark, contamination of the fingers with developer is iudicateal. (<■/) If tlx^ 
fingcii, marks are light or s(unitransparent, cn)ntamination of the fingers wi(b hypo is 
indicated. 

3. Prevention. —Cleanliness atid care are the best prevmntatives, as tlu^se defects 
are due only to lack of cleanliness. 

4. Remedy. —Grease fingerprints impressed on a dry negative may friHiuently 1)(‘ 
removed by wiping negative with lens tissue or soft linth^ss cloth dampcuKal with, 
carbon tetrachloride. No remedy for other c.auses, 
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Irregularly Shaped Spots. 

1. lyistinguishing Characteristic.- —Spots of irregular shape; often along the edge 
of the negative but rarely uniformly over the entire negative. 

2. Cause. —Exhausted developer. 

3; l*revenlion. —Use of fresh and properly compounded developer. 

4. Remedy. —None. 

Microscopic Spots. 

1. Distinguishing Characteristic. —Small, light, or transparent spots, irregular in 
shape and small or microscopic in size. 

2. Cause. —Dust deposited on the negative. 

3. Prevention.' —Keep negative free from dust, in the camera as well as in the dark¬ 
room. Ke<p cainera bellows clean by brushing dust out regularly. In the darkroom 
k(‘e|) lu'gative protected until ready for processing. Dust may be removed from the 
<lry lU'gativt^ l)y playiiig a camel’s-hair brush over the negative. 

4. Remedy. —Careful spotting or retouching. 

Mottled Appearance. 

1. Distinguishing Characteristic. -Mottled appearance of part or all of image. 

2. Cause. —Probably due to (a) lack of agitation during development, (b) absorp¬ 
tion of moisture by the film before development, (c) use of old film, or {d) possibly 
oil spots. 

3. Prevention. —(a) Keep developing solution agitated, (b) Store unused nega¬ 
tives in cool dry atmosphere until rendy for use. (c) Use films befox'e date of expira¬ 
tion of ma.nufa,cturer’s guarantee. 

4. Remedy .—None. 


Oil Spots. 

1. Distinguishing Characteristic. -(a) Chain of small gray areas, (b) Irregular 

light.-gra,v a.r(>a,s. (c) Mottled areasi. (</) Black spots, (e) Black spots with white 

(•entt'rs. (/) Htipphal strea.mlino ett'oe^ts. 

2. Cause. —Oil on tlie; surface of tlui negatives. The fine small areas are due to 
lliin s|)ra.y of liiui oil drops; the largcu* areas are due to oil spread over negative. 

3. Prevention. —-Kc(^{)ing oil from (‘ontact with negative. Ordinarily this is not 
(linicult., a,ml oil spots are probably most frequent in machine processing of motion- 
picture (ilm. In this ca,se, propim tk^sign and use of processing equipment will do 
much to nahu'e to a minimum damiige from oil spots. 

•1. Remedy. —No rianeily if proco^ssing is Ixsgun before detection of oil spots. If 
oil marks an* discoverial prior to development or other processing, they may be 
rcmovaxl by {a) cmulsifimition of tb(^ oil with soilium carbonate solution previous to 
<l( 0 ’<‘lopmcnl. or (b) dissolving the; oil through tln^ use of carlion tetrachloride or ben- 
zem*, after which the negativi. should b(‘. squeegeed and dried thoroughly before 

<h‘V<'loi)ing- 

Opaque or Semiopaque Spots. 

1. Distinguishing (Characteristic. —Small, irregularly shaped dark or black spots. 

2. Cause. Most, commonly <aiusc;d by undissolvcd particles in the developer, but 

umv b(' n'sult of iron in solution in l.lui wash water. 

3. Prevent ion.—-A\\ clKunicals should he thoroughly dissolved before solutions are 
us(xl. When two solutions a,re ustul, fhe. constitmmts of each should be thoroughly 
dissolved bidorc; l.h(! solutions a.re itiixed. Filtering solutions is also helpful, 

q, Remedy. —None, 
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Purple Spots. 

1. Distinguishing Characteristic. —Purple spots on negative. 

2. Cause .—Dry particles of the developer settling on negative. 

3. Prevention. —Keep negative protected from chemicals. Do not mix chemicals 
in same room in which processing is being done. 

4. Remedy. —See remedy for Brown Spots, page 524, for remedy which is useful in 
some instances. 

Rack Marks. 

1. Distinguishing Characteristic. —Single or double line markings whi<^h may 
sometimes be mottled; marks uniformly spaced. 

2. Cause. —Drying roll film on wooden or metal racks. The marks ai’c prodruicd 
where the rack touched the film and prevented free circulation of solutions. Mo.st 
frequent in motion-picture processing. 

3. Prevention. —In motion-picture processing, continuous machine rather than 
rack processing will prevent these marks. If rack processing is used, some means of 
shifting or rolling the film on the racks so that the same portion of film is not always 
adjacent to the racks during processing will help prevent rack marks. 

4. Remedy. —None. 

Small Circular Spots. 

1. Distinguishing Characteristic. —Small, circular, light or transparent .sj'>ots. 

2. Cause. —Air in water used for making or diluting dev<‘lo})er, or excessive 
agitation during development. 

3. Prevention. —Use of distilled or boiled water free from air. If this is not 
possible, let water stand for at least an hour before using it to make \ip solutions. 
If due to excessive agitation, less vigorous agitation is reepiinMl. 

4. Remedy. —Possibly local intensification. 

Small Circular Spots with Shaded Edges. 

1. Distinguishing Characteristic. —Small, circular, transparent spots with shadcul 

(Klg<!S. 

2. Cause. —Air bells or bubbles forming on negative during developnuMit. 

3. Prevention. —Removing of air bolls by wetting tlu*. lu'gative eomplc‘t('ly prior 
to development. Agitate negative in dcweloper to prevcuit formation of bubble's, or 
l)rush over the surface with soft camers-hair brush. Agitate (h'vt'lop('r. 

4. Remedy. —None. 

Spots of Irregular Shape. 

1. Distinguishing Characteristic. —^T^ight or transparent spots of irrc'gular shape, 
usually distributed along one side of negative and less frcfiuently over (‘ntir<‘ lu'gative. 

2. Cause. —Exhausted or improperly compounded dev(‘loper. 

3. Prevention. —Use of fresh or correctly comi)C)unded developer. 

4. Remedy. —Retouching. 

Transparent Spots. 

1. Distinguishing Charncteristic.—^A^\t or transparent spots indicating a (hdieieney 
of silver deposit. 

2. Ca'use. —Such spots may bo eaus<Kl by: (a) dust or dirt on film during exposure? 
or development; (Jb) air bells (?.«.); (c) air in water making \ip d('vclopim?nt solution; 
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(d) chemical or other dust floating on surface of developer; or (e) a solvent of free 
silver acting on the negative after development. 

3. Prevention. —(a) See Microscopic Spots, page 527. (6) See Air Bells, page 523. 

(c) See Small Circular Spots, page 528. (d) Make sure that developer is free from 

undissolved particles or other foreign matter. Particles which have gathered on the 
top as scum may be removed by means of a wire frame covered with cheesecloth or by 
patting the top of the solution with an absorbent cloth. Filtering the solutions is 
also helpful, (e) Cleanliness and protection of the negative from chemicals other 
than those intended to act upon it will prevent the last-mentioned defect. 

4. Remedy. —None. 

Yellow Spots. 

1. Distinguishing Characteristic. —Yellow spots, circular in shape, with fairly 
sharply defined edges. 

2. Ca,nse. —Air bells or bubbles in the fixing bath. 

3. Prevention. —Agitato negative and developing solution, llernove air bolls by 
l)rushing the surface of the ixegative with soft brush during fixing. 

4. Remedy. —If observed after iregativc has just been fixed, they may be removed 
by brushing off air bells and refixing. 

Water Spots. —(See Drop Marks, page 525.) 


Mkchanicau I^icpkcts and Injuriks 


Under this heading are listed those dcffects and injuries in which the negative 
fails to meet the normal mechanical or j^hysicral requirtunents or in whicli t he negative 
is mechanically damaged. These defects may be in addition to other defects which 
are given in this chapter. 


Blisters. 

1. Distinguishing Cfuiracierisltc. —Kmulsion raised from tlu^ gelatin, when t-he 
negative is wet with an appearance similar t,o hlist.ers of tlie (lesh. After the negative 
has dried, blisters appear as small craterlike <h>prc.ssions in the emulsion. 

2. Cause. —Blisters arc^ caused by gas po<'k('t.s forming hcitween tln^ ('inulsion and 
the film support due to loosening of the gedatin as a rc'sult of (a) permitting wash 
water to fall directly on the emulsion side of the negat ive'.; (b) processing solutions too 
warm; (c) dciveloping or fixing bath too concentrated; or (d) insufii(U(mt rinsing of the 
negative after devedoping, esp(Mdally if this is followcMl by phwdng negative in a 
strongly avid fixing batdi. Tlui blist.ers a.r(' i)rodu('e(l by the rorination of ea,rbon 
dioxide gas during proc.(‘saing esixadally at. r(da.tiv(dy high t(‘mjx'ra,t\ir(^ wiu’n the 
gelatin is too soft to withstand the disnij)live <v|‘fe<*t of the gas. ('arbon dioxide is 
evolved when the sodium carbonates of the (hwedoper is lu'ut ralizc'd by the acid in the 
fixing l)ath. Tendeiu’.y toward tlu^ formation of blist('rs is in(u-(>a,sed during hot 
Avoather, when the processing solutions are too wa,rin, and wlnui the film is not suffi¬ 
ciently hardtuied. 

3. Prevention. —(«) Do n<jt permit. wa.sh wa,f.<u- to fa.ll dircudly on nega,tive with 
appreciable force. (6) Solutions shovdd not normally bc^ at a U'nip(u-ature exceeding 
70°F. unless the negative is luirdemal a,iul t.ropieal d(^v(dopm(vnt- is btdng used, (c) 
Using solutions at their normal coiuauitration a.nd t<“mperatur(^ will ludp pnwent 
formation of blisters. (d) Washing tlu’i negative in (dear wahu- IxdAveen developing 
and fixing will remove most of the dev(doper so tha,t the tcmdency toward the for¬ 
mation of carbon dioxide is diminished when the lu'gative is placed in the fixing bath. 
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Hardening the negative prior to processing will also help prevent formation of blistfn’s, 
especially in hot weather. Replacing carbonate in the developer by a noncarbon 
dioxide forming substance, such as borate or phosphate is another way of avoiding 
blisters. 

4. Remedy .—None. 

Brittleness. 

'1. Distinguishing Charactei'istic. —Film is too brittle and dry. 

2. Cause. —Brittleness is usually the result of (a) drying the film too cM)mi)l<ffp<!ly 
or in an abnormally dry atmosphere, (6) the use of hardening stop baths, or (c) e.\(a>ss 
hardener in the fixing bath. 

3. Prevention. —To maintain its pliability, film must contain a certain amount 
of natural moisture, which can be provided by maintaining the film in an atmosplnirc 
of 70 per cent relative humidity. The relative humidity of the atmosphen^ during 
the drying of the film should be between 40 and 70 per cent. 

4. Remedy. —Brittleness can be remedied by submitting the films to storag<i in an 
atmosphere of 40 to 70 per cent relative humidity, as in humidifying tanks. 

Buckle. 

1. Distinguishing Characteristic. —Waviness in the center or along the edgi's of the 
film. 

2. Cause. —Buckle is due to nonuniform expansion or contraction of the ru^gative. 
Buckle is commonly produced by (a) drying the film in an atmosphere of high humi<lity, 
(6) forced drying at high temperature, or (c) drying in atmosphere of too low humidil,y. 

3. Prevention. —Buckle can usually be prevented by proper drying c;ondif.ions. 
For proper drying the relative humidity should be between 40 and 70 per cent and the 
temperature should not exceed 90°F. 

4. Remedy. —Buckled film frequently may be improved by soaking in wat(u’ and 
drying in a properly conditioned atmosphere. Buckled inof ion-i)ieture film nuty oftiui 
be freed from buckle by winding the film on a dry reel and placing it in a. relal iv{4y 
humid atmosphere. 

Creeping. 

1. Distinguishing Characteristic. —Creeping or movement of emulsion on its 
supporting surface. 

2. Cause. —Insufficient ventilation and high temperature during drying. 

3. Prevention. —Proper drying conditions. 

4. Remedy. —None. 

Curled Negatives. 

1. Distinguishing Characteristic. —Nc^gatives tiot flat, but curled. In e.xt nuiu' cas('S 
they may be curhvl up into a tubtu 

2. Cause. —Dilforcnce in c.ontraction or e.vpa.nsiou c,o(dficien|. betwecm Muit of (h<^ 
emulsion and that of the gelatin suppcn-t. Since the emulsion (v)ntra,(t.s mor(' than 
the gelatin, the film curls with the emulsion on the concave or inside surface. 

3. Prevention. —Modern films are so made that excessive (uirling is largely cdimi- 
nated. Drying migat ives with (dips or weights attacdied to the hot l.om edgt^ will k('(‘p 
the negatives atraiglit during drying and will help pnwcud. curling. Storing dry 
film Hat tends to keep it so, wherea.s storing films in rolls tends to aggravate' (uirling. 

4. Remedy.—Mtor films are thomughly dry, they may frecpKuddy b<‘ r(di(*v('d from 
curling by placing them between sheets of clean white paper and applying {ire.stfun^ 
as by placing them between the leaves of large books. Another method, which niay 
be used if care is taken, is to press the film between two sheets of (dcian white paper 
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with, a warm (not hot) flatiron. For negatives badly curled, soak in water and di-y 
with weights as described above. 

Frilling or Softening. 

1. Distinguishing Characteristic. —Emulsion at edges of negative loosened from its 
support. Edges of negative may be corrugated, 

2. Cause. —Frilling may occur as a result of; (a) using solutions which are too 
warm; (b) insufficient hardening of the emulsion; (c) exhausted fixing ba.th; (d) fixing 
bath containing insufficient hardener; (e) too strong a fixing V^ath; (/) excessive wash¬ 
ing, especially in warm water; or (g) careless handling. 

3. Prevention. —The manner of prevention depends upon the contrii)uting causes, 
(a) Keep processing solutions between 60 and 70°F. During the summer it may bo 
necessary to immerse tanks in cold water solution to which ice may be added. Ice 
should never be added to the processing solutions, as this dilutes them and may intro¬ 
duce undesirable contaminations. (h) The negatives may be ha.rdcncd l>ofore protiess- 
ing in a 10 per cent solution of formalin. Contributing causes (c), (d), and (e) are 
the result of improperly prepared or improperly used fixing baths and may be elimi¬ 
nated by using properly prepared fixing baths at temperatures l^etween 60 and 70°F. 
(/) Ordinarily, excessive washing is not harmful if the tfunperatuiro is 70°F. or less. 
ig) Proper handling technique, involving care and cleanliness, is essential in all 
photographic operations. 

4. Remedy. —None. 

Lint or Dust Particles. 

1. Distinguishing (^haraclrristic .— Lint or dust parlieh's acUu'ring l,o the; surface 
of the negative. 

2. Cause. —Drying the lU'gative in dust- or lint-lachMi atmospheix'. 'riui emulsion 
gets tacky during drying, and a,t this stages {)articles floating in the; air may ('a,sily 
adliere to tlu' m^gativ(% esiK'ciidly if ( liis is a Him. 

3. Prevention. —Chvin a.tmosplun'e during drying is tli(^ Ix'st preventivti, although 
mu(4i call l>e done to iirevent this d(vfect by rmnoving the surfaia^ water from the 
negative before hanging it up to dry. A linth'ss cloth or hlot(.<u- or a, visiaise sjxmge 
should I)(^ usi'd for this jmrposc^. Th<^ film should be hlotti'd or pattcul rather than 
rulilx'd with absorbent, a.s s(U'a.telu\s may o<'.cur in tlu^ latt<'r case. 

4. Friuiuiuiliy tluuxi is no r(Mnc'.dy for ( removal of <lus( or lint. pa.rti(4(\s, 
and these will show up as whili^ spots on fiu^ finisluul print.. ^riu" sit.uai ion is ('specially 
s<'rious in t he ease' of miniat ure lu-gatives from which t'uhirgc'd prints a.rc! ma<h'. Sonu^- 
tinies iiniirovnaiK'nl can he imuhi by rewa.shing the nega.t ivt^ in iilain wai.er and rc'drying 
in a, clean aiinosiiherc'. 

Pit Marks. 

1. Distirrgu is fling (diararterist ir. —l'’inc: holes or pits in t hi^ emulsion. 

2. (tausi',- ~(a) hixcc'ssivi^ aunount, of alum in 1 lu^ fixing batli. ih) Pri'cipit.at.e of 
sulphur from the fixing bath pi'csi'iit wdien tin* negative's ar(' Hxi'd in tray <>i’ lank. 
(c) Too ra{)id drying of tla' m'gative. 

3. Prevention. .'The pi'evc'utlon becomes obvious wls'ii tlu' ca-usc' is de'Iinit.ely 

determined. 

4. Rcniedy. Hetouching of ni'galivt' or print.. 

Reticulation. 

1. Distinguishifuj Characteristic. —Emulsion wrinkled and indente'd, having the 
appearance of leatherlike grain. 
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2. Cause. —Subjecting the gelatin to sudden strains through sudden changes in 
temperature. The strain may be produced by transferring the film from one solution, 
to another at appreciable temperature difference. This condition is especially serious 
when the solutions are warm, as in this case the gelatin swells and is then more likely 
to contract unevenly. 

3. Prevention. —Keep solutions between 60 and 70°F. Whenever possible, all 
processing solutions should be at the same temperature within this limit. This may 
be accomplished by storing the solutions side by side so that they may be exposed to 
the same temperature variations. If it is necessary to cool solutions, all the solutions 
required may be cooled simultaneously in the same water bath, which should be agi¬ 
tated for best results. 

4. Remedy. —Reticulation may sometimes be removed by placing the negative in 
a 10 per cent solution of formaldehyde for a few minutes and drying quie.kly a,t elevated 
temperatures. This procedure is not recommended except as a last resort. 

White Transparent Spots. 

1. Distinguishing Characteristic. —Transparent spots, marks, or scratches on 
the negative from which the emulsion has been removed. 

2. Cause. —Removal of emulsion from the support during processing, caused by 
gouging the emulsion with the fingernail, edge of film, or other relatively hard sul>-- 
stance. This difficulty tends to increase when processing at elevated temperaturc^s 
when the emulsion is soft and swollen. 

3. Prevention. —Carefulness in processing, maintaining processing solutions below 
70°F., and hardening the film l)efore processing will all help to pi'event and minimize 
such gouge marks. 

4. Remedy. —None, (^xcc^pt nvtoucliing lu'gativni or print. 

Scum, Slimii}, and Deposits 

Crystalline Surface. 

1. Distinguishing Characteristic.- —^Surfac-e of emulsion takes on a, (uystalliiu^ a ppcnir- 
ance similar to frosted windowpane or some forms of “crackle” emimeling. 

2. Cause. —From crystallization of hypo remaining in the film after in(M)mplete 
washing. 

3. Prevention. —Complete washing of the negative aften- fixing. 

4. Remedy. —The cry.stals of .sodium thiosulphate are soluble in wa,ter, so the n<^ga- 
tive may be freed from these crystals by rewashing completely. 

Greenish-white Scum. 

1. Distinguishing Characteristic. —Greenish-whitc scum deposited upon the sur¬ 
face of the negative. 

2. Cause. —Precipitate of chromium hydroxide or of basics (“hromium sulphites 
ilcpositod on the negative when chrome alum stop or fixing baths are used. 

3. Prevention. —Use developer containing as little alkali as possible. If i\e(-e,ssa.ry, 
acidify developer at intervals. Formation of scum may aLso be prevented liy agitating 
tne negative thoroughly while immersed in the stop or fixing hath. 

4. Remedy. —The scum may be removed while the negative is still wet, by imams of 
moist lintless cloth, paper, or cotton. Difficult or impossible to remove after negativti 
is dry. 

Scum. 

1. Distinguishing Characteristic. —Deposit of scum on film. 

2, Cause. —A deposit of scum on film occurs as a residt of the accumulation of .solid 
matter fio.ating on thi^ .surface of the processing solutions. It may be picked up when 
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the film is first immersed in the solution or when the negative is withdrawn from the 
solution. The sc\im may be composed of oil, grease, insoluble particles of the process¬ 
ing solution, oxidization products of the developer or other processing solutions, etc. 
A frequent cause of scum on negatives is the precipitation of hardener in the fixing 
bath by excess developer carried over by the negative. 

3. Prevention. —The formation of scum may be prevented by washing the process¬ 
ing eq\iipment with a hot solution of sodium hypochlorite. Scum may be removed 
from the sui*face of the solution by a skimming device consisting of a wire framework 
over which fine-mesh cloth- has been stretched. “Patting" of the surface of the 
solution with a blotter or cloth is also effective in removing surface scum. 

4. Remedy. —The remedy for scum, if any, will depend upon the nature of the 
scum deposit. Oil and grease may be removed with carbon tetrachloride. Alcohol 
is a solvent for some waxes and resins but should not be used on acetate films. The 
use of a scum-resistant hardening fixing bath, such as the Eastman F5 or FIO will 
help if the scum is due to precipitation of hardener in the fixing bath. 

Silvery Deposit. 

1. Distinguishing Characteristic. —A silvery deposit or scum on the surface of the 
negative. 

2. Cause. —Such a deposit may be (a) silver sulphide formed by the intex-action 
of hydrogen sulphide of the air with silver salts of the developer, the silver sulphide 
I’esulting from the sodiunx sulphite of the emulsion or (6) metallic silver precipitated 
during development as a fine colloid and settling on the film. 

3. Prevention. —(a) The formation of silver sulphide ixiay be preveixted by scouring 
the processing equipment with a hot solution of sodiunx hypochlorite. (6) The silver 
is probably caused to precipitateowing to the presence of a silver solvent, such as hypo. 
The preventive measure is thei-efore to scrub the developing tanks thoroughly to 
free them from hypo. Agitatiorx of negatives during development aids in preventing 
formation of silver desposit. 

4. Rem.edu. —The deposit of metallic silver can be I'cmovcHl Ixy rublxing it off the 
film if this is done before tlie film has dried. 

Slime. 

1. Di.Htiyiguishing Characteristic. —Deposit of slime on noga,tive. 

2. Cau.se. —^Tho slime formed on the walls of tanks containing I’unning watc^r may 
become loose; and deposit on the film. 

3. Prevention. —Slime may Ixc prevtmtexl Ixy cleaning tin; tanks pc;riodically, ('.spev 
cially if th<\y are made of wood, and sterilizing with a solution of sodium hypochlorite. 

4. Retnedy. — If discovercul while the negative is still wet, the slime may usually 
be washed off with clear wat(u-. 


White Deposit Covering Negative. 

‘1. Distinguishing Characteristic .—White gramilar (h’lposit on Jiega.tiv(\ 

2. Cause .—Sulphur deposiUal on th(^ surface of the m'gal iv(' during fixing when an 
improperly compovinded or exhaustcal fixing bath is usc'd. The deposit may also resvxlt 
from incomplete washing. 

3. /■'r6'wt.-xdft>ri.~Pi’operly compounded, fresh fixing bath, and complete washing. 

4. Remedy. —None. 


White Opalescent Deposit on Film. 

1. Distinguishing Characteristic .—White ojxahisccmf. depxxsit on film or plate-. 

2. Cause .—Often caused by use of umliluted alcohol and foo higii tempxu'af iir<-s 
in quick drying. This causes excessive desiccation of gdatin ju-oxhicing opalescence-. 
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3. Prevention .—For drying negatives quickly using alcohol bath, the alcohol 
should be diluted slightly with water. Ten parts of alcohol to one part of water 
is approximately correct. The temperature of the drying air should not exceed 95°F. 

4. Remedy .—The white opalescence may be removed by soaking the film in water 
and redrying slowly. 


Stains and Discolorations 

Aluminum Sulphite Stains. 

1. Distinguishing Characteristic. —White powdery stains on negative. 

2. Cause. —Aluminum sulphite stains caused by an insufficiently acid fixing bath 
as a result of using an exhausted or incorrectly compounded fixing bath. When 
sodium sulphite, as from the developer, is added to a fixing bath containing alum, the 
acid fixing bath is neutralized, and ultimately a white precipitate of aluxninum sulphite 
is formed which turns the bath milky white and settles as a white sludge. 

3. Prevention. —Avoid a developer containing excessive alkali. Between develop¬ 
ment and fixing, the negative may be washed in clear water or in an acid'stop bath. If 
an acid stop bath is used, care must be taken to see that the acid carried over into 
the fixing bath is not sufficient to cause sulphurization of the fixing solution. 

4. Remedy. —Aluminum sulphite stains may be removed by hardening the negative 
in an alkaline formalin solution. The negative should then be washed for several 
minutes in a 5 per cent solution of sodium carbonate, after which the negative should 
be washed thoroughly in clear water. 

Blue-green Stain. 

1. Distinguishing Characteristic. —Blue-green stain after fixing. 

2. Cause. —Frequently caused by using chroine-alunx fixing Ixath at elevated 
temperatures. 

3. Prevention. —Maintaining fixing bath at temperatures not exceeding 70°F. 

4. Remedy. —None. 

Blue Stains. 

1. Distinguishing Characteristic. —J^lue stains covering part or all of m^gativo. 

2. Cause. —Usually duo to presence of hon in the processing solutions, but is some¬ 
times due to the presence of amidol. 

3. Prevention. —In making up solutions, use iron-free water. 

4. Remedy. —If stains are due to iron, they may be removed as indicated uiuh'r 
Developer Stains, page 535. If due to Amidol, they may be removed by immersing 
the negative in a 10 per cent solution of sodium bicarbonate, washing, and drying. 

Brown Areas. 

1. Distinguishing Characteristic. —Brown areas on negative often occurring as 
scum deposit on the surfjice. 

2. Cause. —Probably from scum of oxidized developer or deposits of silver suliyhidxx 
in the developing or fixing baths. 

3. Prevention. —Use of fresh and properly compounded processing solutions. 

4. Remedy. —(See under Developer Stains, page 535.) 

Colored Areas. —(See Dye Stains, page 535.) 

Colored Negatives. 

1. Distinguishing Characteristic. —Genei*al, over-all stain on negative, usually 
yellow, brown, or sepia. 
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2. Cause. —Stains produced during development (see Developer Stains). 

3. Prevention. —(See Developer Stains.) 

4. Remedy. —(See Developer Stains.) 

Developer Stains. 

1. Distinguishing Characteristic. —^Local or general staining of the negative. 
Developer stains are usually yellow, brown, or sepia, although the color depends upon 
the developer used. May be produced either in developing or fixing bath. 

2. Cause. —Developer stains may be caused by: (a) alkaline or old fixing bath, 
(6) old or discolored developer, or (c) developer containing impure or insxifficient 
sulphite. Certain developers, such as pyro, for instance, are much more likely to 
stain the negative than other developers. If the stain is general and uniform, the 
contrast may be altered, and the printing time may be increased without other unde¬ 
sirable effects being present. 

3. Prevention. —The use of fresh and properly compounded processing solutions is 
essential. Care should be taken to see that the developer contains the proper amount 
of sulphite. Nonstaining developers, such as metol-hydroquinone, may also be used. 
Increasing the amount of sulphite in the developer will help prevent stains. 

4. Remedy. —Harden the negative in a solution of 10 cc. of formalin and 5 g. of 
sodium carbonate per liter of solution, and wash in clear water for 5 min. Bleach 
in equal parts of: (a) 6.3 g. of potassium permanganate per liter, and (6) 75 g. of 
sodium chloride and 16 cc. of sulphuric acid per liter, making sure that all particles arc 
thoroughly dissolved before the two solutions are mixed. Bleaching should be com¬ 
pleted in about 4 min. The brown stain which is produced may be removed by 
immersing the negative in a 1 per cent solution of sodium bisulphite. The negative 
should then be rinsed well and developed in strong light with a nonstaining developer. 
Local yellow stains may be handled by making a. new negative or a print from the 
stained negative through the use of a strong yellow filter. 

Dye Stains. 

1. Distirtguishing Characteristic. —Areas of n(’!ga,tiv(\ that a,rci colored red, gnien, or 
other color, especially at the edges where developer may not have reached negative 
completely, as in tank development. 

2. Cause. —Tlnise stains arc those of the sensitizing dyes used in the inanufa,cture 
of some orthochrornatic and panchromatic films. The stains arc due to incomplete 
removal of these dyes because the developer and fixing bath a.re kept from free cir¬ 
culating contact with the back of the negative. The effects are often observed in 
tank development where the film has been inserted in a holder or frame which prevents 
free circulation at the edges of the negative, 

3. Prevention .—Thorough agitation of the negative during development. 

4. Remedy .—These dye stains are soluble in water a,nd conscciuently may be 
removed subsequent to fixing by immersing in clear water until the stains have 
disappeared. 

Fading. 

1. Distinguishing Characteristic. —Brown or yellow stains on parts of the negative, 
or covering the entire negative, apparent some time after fixing. 

2. Cause.—Incomplete fixing or, more usually, incomplete washing. 

3. Prevention. —Complete fixing and washing. 

4. Remedy. —(See remedy for removal of Developer Stains, above.) 
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Green Dichroic Stain. 

1. Distinguishing Characteristic. —Green metallic sheen by reflected light and red 
or pinkish color by transmitted light. 

2. Cause. —(See Dichroic Fog, page 517). 

3. Prevention. —(See Dichroic Fog, page 517). 

4. Remedy. —(See Dichroic Fog, page 517; also see page 165, Motioix-picture 
Laboratory Practice 1936.) 

Green Stain. 

1. Distinguishing Characteristic. —Negative has appeai'ance of being dyed green; 
occurs in stop bath. 

2. Cause. —Stain appearing in stop bath is a function of the relative amounts of 
carbonate and sulphite in the developer and the concentration of the chrome alum in. 
the stop bath, and it increases with increasing temperature of solution. 

3. Prevention. —Properly compounded and fresh processing solutions maintained 
at a temperature not exceeding 70°F. 

4. Remedy. —Usually this green stain can be removed by immersing the film in a 
5 per cent solution of potassium hydroxide or 5 per cent solution of potassium citrate. 
This treatment destroys the hardening properties of film negatives. 

Purple Stain. 

1. Distinguishing Characteristic. —Purple discoloration on negative. 

2. Cause. —(a) Purple stains may be due to presence of iron in the water used in 
making up processing solutions. (6) This stain occurs frequently in the fixing bath if 
negatives stick together so that complete fixing cannot be accomplished. The stain 
occurs where the negatives make contact, because of the continuance of developing 
action in the fixing bath. 

3. Prevention. —(a) Use of distilled or at least filtered water for making up process¬ 
ing solutions will assist in removing iron particles. (6) Agitation of negatives in 
fixing solution. 

4. Remedy. (See remedy under Dlue Stains, jxage 534.) 

Silvery-white Opalescence. —-(See Yellowish-white Opalescence, below.) 

Stains from Ferricyanide. 

1. Distinguishing Characteristic. —Green or bhxe discoloration. 

2. Cause. —Sometimes caused when ferricyanide reducer is employed. 

3. Prevention. —Do not use ferricyanide reducers. 

4. Remedy. —Immerse negative, until stain is removed, in a solution of 6 (ur. of 
nitric acid and 6 g. of alum per liter of solution. Wash in clear water and dry. 

Yellowish-white Opalescence. 

1. Distingliishwg Characteristic. —Yellowish white or silvery white opalescenct^ 
on part or all of the emulsion, suggestive of opal. 

2. Cause. —This opalescence may be due to; (a) incomplete fixing; (6) \ise of alcohol 
to hasten drying; (c) drying rapidly in warm air; (d) excessively high temperature of 
fixing bath; or (c) presence of colloidal sulphur in improperly compounded fixing batlx 
containing excess acid. 

3. Prevention. —(a) Complete fixing with properly compounded, fresh fixing batlx. 

(6) When alcohol is used to hasten drying, it shovdd be diluted with water to give a. 
solution having 80 per cent alcohol. (c) Dry negative less rapidly in atmosphere of 
from 40 to 70 per cent humidity and at a temperature not exceeding 90°F. (d) Tho 
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temperature of the fixing bath should be between 60 and 70°F. (e) Properly com¬ 

pounded fixing baths will prevent formation of colloidal sulphur. 

4. Remedy. —(a) If the opalescence is discovered while the negative is still wet, 
it may be removed by immersing the negative in the fixing bath until opalescence has 
completely disappeared. (6) Wash negative in clear water and dry slowly. If nega¬ 
tive was incompletely fixed or incompletely washed, this treatment is not effective, 
(c) Wash negative in clear water and dry slowly at temperature not above 90°F. and 
preferably with atmosphere of 40 to 70 per cent humidity. ^ (d) and (e) The stain or 
opalescence of free sulphur on the negative may be removed by hardening the film 
in a 5 per cent solution of formalin and by washing well with (dear water. The nega¬ 
tive should then be washed in a 10 per cent solution of sodium sulphite at 100 to 
110°F. Obviously with such high temperatures, extreme care will be reciuii'od in orden- 
not to damage the negative in other respects. 

Yellow Stains. • 

1. Distinguishing Characteristic. —Portions or all of negative colored yellow. 

2. Cause. —Yellow stains arc fi-equent sources of trouble and may be caused by 
a number of factors, among them being: (a) weak, exhausted, or improperly com¬ 
pounded fixing bath; (6) exhausted or oxidized developing solution; (c) failure to rinse 
negatives between developing and fixing, either with clear water or stop bath; (d) 
uncleanliness in developing or impurities in th(> developer; (c) liypo or fixing bath in 
the developer; (/) insufficient washing; (g) too much carbonate; in the developing 
solution; aird (A) leaving negative incompletely covered in the fixing bath. 

3. Prevention. —When the most pi’obable cause of the slain has been deterituned, 
the preventive action will usually become apparent. 

4. Remedy. —Most of these stains can be removcMl Isy t lie methods sugg(;sted for 
Developer Stains, page 535. 

IInjovennesk 

Directional Effects. 

1. Disti?i.guishing Characteristic. — D(;velopo(l iiimgc' M.j)i)eiirs to have “tail.” 

2. Cause. —Dircictional effecd. of dcv(dop(‘r which (mahb's image' to be built up 
more rapidly at one portion of the; negative than a t otlu'r. Al.so du(; to Frc^sli dc:v('loj)(;r 
working on first part of moving film during pr<)e<;ssing a,ml partially ('xhauste'd 
developer acting on lat('r portions of film. hlsp('cial!y notiec'able in c('rt.ain types of 
motion-picture processing. 

3. '^rhonxjgh a.gita,tion of solution during devndoinmnit so that, the 
developer at the surfVua; of the nega,tiv<; is <dia.ng('d uniforndy a,ml rapidly during 
processing. 

4. Remedy.- — Non c; . 

Uneven Development. 

1. Distinguishing Characteristic. or a.r('a,s of d<'nsil\' dindn-eid. from tlui 

lujrrnal (hmsity of tlu' nmiaiidng [)ortion of (be n('gativ('. 

2. Cause. —Failun; to imnuu-sc; (lu; m'gativt' ('idirc'ly and e<)m])let( ly in tin; dcwelo])- 
ing bath, or p(;rmitting two or more nega,lives to (toim; in eontacd. in tli(' d('veloi)er for 
appreciable time. 

3. Prevention. — The n(;gati\'(*s should be innners(*d (juickly and uniforndy in tlu; 
developer and should lx; agitat<;d during d(;v< lopmetd, so ( ha t llu' sobd ion may work 
uniformly and completely over tin; c'ntin; smdduu' of tlu' m'galivc'. 

4. Remedy. —-Local intensifi<;ation may soim'tinu's Ix' eni[)loy('d (o bring up tlu. 
density of the areas protected during d(;v'elopment. 
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Uneven Bmulsion. 

1. Distinguishing Characteristic. —-Variations in thickness of emulsion. 

2. Cause. —^Faulty manufacture and inadequate manufacturing inapeotion. 

3. Prevention. —None, except that such instances, which are fortunately rs 
are even more so with the products of reliable manufacturers. 

4. Remedy. —None. If the defective material is returned to the manufactn 
with a complete statement of all conditions, replacements may be made. 

Uneven Fixing. 

1. Distinguishing Characteristic. —Variations in density in areas of the negai 
not related to the image produced on the negative. 

2. Cause. —Improper or incomplete immersion of the negative in the fixing bj 
The same result is obtained by allowing two or more negatives to come into contact 
prolonged periods in the fixing bath. 

3. Prevention. —^This defect may be prevented by separating the negatives in 
fixing bath, agitating the negatives and solution, and completely and entirely imm 
ing the negatives in the fixing bath. 

4. Remedy .—None. 


DEFECTS m PRINTS 

This section deals with defects in prints made by contact or projection printin 
bromide or chloride papers. No consideration is given to defects due to coloi 
toning, retouching, or other aftertreatments; other methods of pi'oducing prints, s 
as printing with salts of other metals, bichromated colloids, the gum bi<‘-hroi 
process, oil processes, etc., are not considered here. For details on printing met 
other than those using silver halide salts, reference should be made to the approp: 
section of the book dealing with these other printing processes. 

Defects in negatives may show up as defects in prints. In this se<‘,tion 
assumed that the negative is free from defects and hence that the defects acti 
occurring are those due only to the printing process. 

Blotches, Lines, and Streaks 

Abrasion Marks or Streaks. 

1. Distinguishing Characteristic .—Surface of paper abraded or scratched, i 
resulting in fine scratches, especially when glossy-surfaced paper is used. 

2. Cause. —Scratching, abrading, or friction on the emulsion side of the p 

3. Prevention .—Store paper so that it stands vertically and is free from ap 
pressure on its faces. Handle carefully. Make sure that processing solution 
free from grit, undissolved matter, or foreign particles. 

4. Remedy .—Sometimes these abrasion marks may be removed by adding ' 
potassium iodide to each ounce of developing solution. 

Blurred Prints 

Bad Definition in Spots. 

1. Distinguishing Characteristic .—Spots of print blurred, as if out of focus. 

2. Cause .—Imperfect contact between negative and paper in contact pri 
so that those portions of the negative which are slightly removed fronv th(i si 
of the print do not print sharply. 

3. Prevention .—Make sure that the printing device presses the printing papc 
firm contact with the negative during contact printing. Frequently the diffici 
due to worn padding on the pressure top of the printer or loosening of the pr 
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springs of the printer. In the case of printers with pneumatic pressure plates, the 
difficulty may usually bo prevented by keeping the pressure pad fully inflated. 

4. Remedy. —Retouching. 

Blurred Print, 

1. Distinguishing Characteristic .—Print generally blurred and lacking in sharpness, 
although negative is satisfactorily sharp. 

2. Cause. —(a) In contact printing, this lack of sharpness may be due to printing 
with the emulsion side of the negative away from the emulsion side of the print. 
This is definitely the cause if the picture is reversed left to right. (6) In enlargement 
printing, the difficulty is probably due to relative-motion between the negative and the 
print during printing or to an unsteady and perhaps vibrating enlarger. 

3. Prevention. —(a) The emulsion side of the print and the emulsion side of the 
negative must always be kept in contact during printing. (6) Solidity of the enlarger 
is the only prevention for blurred prints in enlarging which are caused in the manner 
suggested above. Mechanical adjustuients, repairs, or reinforcements of parts may 
be required. Vibration may sometimes be prevented by mounting the enlarger on a 
resilient support, as rubber pads, or suspension fi'oin springs. 

4. Remedy. —None. 

Fog 

Fog. 

1. Distinguishing Characteristic. —(a) General gray cast over entire print, especially 
noticeabks in parts which should l)o white. (6) Gray or granular appearance of print. 

2. Cause.. —Fog of printiug paper which may be due to (a) light-struck paper; 
(5) us<^ of too strong a safe light, safe light too close to printing paper, safe light acting 
on printing paper for too long a time, or safe light with improper filter; (c) forced 
(h'velopment so that silver halides not acted upon by light are reduced; (d) improperly 
(compounded or impure developer. 

3. Prevention. —(a) Protect printing paper by keeping it in black lighttight 
<'nv(4op(',s, boxfcs, or drawers when not in use. Do not permit paper to lie around in 
th<' darkroom unless protected from th(^ safe light. (&) Test safe light to ascertain 
tlud. light is not too intense and that the safe-light filter used is suitable for use with 
tin* print ing paptu*. Do not expose printing paper to safe light longer than necessary. 
(<•) D(W(dop i)rinting paper in accorda.nc(' with directions provided by manufacturer. 
Avoid forcung development. (d) Use proiMu-ly (uuniuninded developers made up with 
fresh pure cluunicals. Do not use (exhausted, old, or deteriorated developer. Use 
d(W(*lop(U’ recommended l)y tlu^ rruinufa.(d.ur(u’ of the printing paper, and develop 
atuuu'ding to numufacturer’s dimetious. 

4. Remedy. —Make new print. 

Incoruecit Gontiiast 


Contrasty Prints. 

1. Distinguishing Characteristic .—Prints have excessive contrast, or are laoking 
in detail, so that they present a “soot and whitewash” effect. Detail may be lacking 
in both high lights and dark tones. 

2. Cause.—Use of too contrasty a printirig paper for the range of densities in the 
negative. 

3. Prevention .—Use a less contrasty printing paper. Such papers are also known 
a.s soft or fiat papers. 

4. Remedy .—Make a new print. 
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Flat Prints. 

1. Distinguishing Characteristic. —Prints lack contrast; dark parts too light, light 
parts too dark, or both. 

2. Cause. —Use of improper grade of printing paper for the range of densities in 
the negative. 

3. Prevention. —Use a printing paper suited for flat negatives, i.e., one having 
greater contrast. Contrasty printing papers are also known as “hard” papers. 

4. Remedy. —Make a new print. 

Incorrect Density 

Prints too Dark. 

lA. Distinguishing Characteristic. —Print generally too dark. High lights (dense 
portions of the negatives) lacking in detail, (a) Other tones too flat. (6) Othcir 
tones correctly rendered, (c) Other tones too contrasty. 

2A. Cause. —Overexposure. In (a) and (c) incorrect printing paper for the range 
of densities in the negative has been used. 

3A. Prevention. —^Less exposure in printing. In (o) a more contra.sty grade of 
paper should be used. In (6) the grade of contrast of the printing paper is correcd. 
In (c) a less contrasty grade of printing paper should be einployetl. 

4A. Remedy. —When defects of this type occur in prints, it is iisua,lly cheaper, 
quicker, and generally more satisfactory to make another print than to attempt, 
remedial measures. 

IB. Distinguishing Characteristic. —Prints generally too dark, wit.ii gratuilar gray 
appearance over entire print. 

2B. Cause. —Overexposure and overdevelopment. In addition, a gra,d(^ of lu’inting 
paper unsuited for the range of densities in the negative may have Ixam used (set* 
items above). 

3B. Prevention. —Proper exposure and correct development according to the 
recommendations of the manufacturer. 

4J5. Remedy. —Make a new print. 

1(7. Distinguishing Characteristic. —Prints generally too dark. 

2(7. Cause. —Too strong a developer or too little bromide: in (he d<‘v<4<)p(*r, caosing 
development to progress too rapidly. 

3(7. Prevention. —Properly compounded d(ivelop(^r, made willi fresli p\in' ingn^- 
dients. 

4C. Remedy.—Make new print. 

Prints Too Light. 

lA. Distinguishing Characteri.stic. —Prints generally too lighti so tlui.t (Ium'c i.s a 
deficiency of silver on the print. Shadows lack detail. (a) OHhm* (,on(\s too Hat,. 
(6) Other tones correctly rendered. (c) Other tones too contrasty. 

2A. Cause. Underexposure. In (a) and (c) iricorrocd. printing j>np(‘r for flu' 
range of densities in the negative has been used. 

3A. Prevention. —Greater exposure in printing. In (a) a, inon' contrasty grade 
of paper should be used. In (5) the grade of contrast of tlx* printing pap<'r is corn'ct. 
In (c) a less contrasty grade of printing paper should be uh(h1. 

4A. Remedy. —Make a new print with greater time of (^xposun'. 

IB. Distinguishing Characteristic. —Print generally too light; detail only in tin' 
dark parts of print (light parts of negative). 

2B. Cause. —Underdevelopment. 
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SB. Prevention. —Proper development. Increase time of development. If the 
developer is exhausted, replace with new developing solution. 

4:B. Retncdy. —Make a new print. 

1C. Distinguishing Characteristic. —Print generally too light (too weak) when 
washed aiul dried, although satisfactory after developing. Delicate shading and 
detail destroyed; priiit lacking in snap. 

2C'. Cause. —Bleaching of print in strong fixing bath, or too long in fixing bath. 

3C. Prevention. —Proper fixing of prints. ^ 

4:C. Jiemedi/. —Since loss of fine detail and gradations is due to the strong fixing 
l)ath attacking and partially reducing the metallic silver, it may sometimes be possible 
to rtitnedy this chifect by putting the print through a bath of a reducing agent, such 
as a dev(dop(n*, and following this with subsequent fixing and washing. Usually it is 
more d<‘sirable to make a new print. 


Marks and Spots 

Air Bells. 

1. Distinguishing Characteristic. —Round spots with shaded but fairly well defined 
(nigtss. The spots may be (a) lighter or (6) darker than the rest of the print, (c) Spots 
whitdi sliow up as discoloration upon aging. 

2. Cause. —The spots arc due to air bells adhering to the print during the process¬ 
ing, and lienee preventing the processing solutions from reaching the print. (a) If 
the siiots are lighter than the rest of the print, the air bells (bubbles) were formed 
during dc:v<^lopnient so that the diweloper could not act on the print where the bubbles 
fornu^d. (6) If the spots arc darker than the rest of the print or are discolored, the 
l)ubl)l(‘s have formed in the fixing bath, (c) Spots which show up discolored after 
s()m<>i tiiiK^ a,r(^ due to formation of air bells in the washing operation, so that hypo was 
not mitircly n'lnovial. 

S. Prevention. —Initnerse the print quuddy in the vai’ious solutions, agitating it in 
.solution so that air ladls may be prevented from forming. Brushing the surface of the 
print, wit.li a, <n.m(d’s-hair lirush or soft (doth or cdiamoi.s is helpful in removing bubbles. 

•t. Remedy. —Local retouching will lie required. 


Brown Spots. 

1 . Distvnguishing Charncteristic. —(a) Brown-red stains, usually small, well defined, 
and of irregular .sha.pe, although sometimes covering a large area somciwhat uniformly. 
(6) Brown stains or stnudg('. c.overing part oi' all of the print. 

2. C«y/,s-c. -The r(‘<l-hrown stains in (o) are c.aused by particles of rust being 
(h'positcd u{)on tlu' print from oxidized iron procc^ssing utensils, such as tanks (jr 
trays, hanging (dips, fcM-rotype jilates, etc. They may also Vie caused liy the deposit 
of cli(‘mica.l jiartichis or dust on emulsion of the print. (6) Brown smudges, marks, or 
spots, a.r(' probably causcal tiy exha,u.sted or oxidized developer. 

3. Prevention. —(«) Wlien tlie lirown spots are due to rust, the rusted utensi 
sViouid (dtlHM- 1)(^ discarded or should lie (deaned Viy removing the rust and lacquering 
or (uiameling t.o prevemt further rusting. Spots wViich are due to loose particdes of 
(diemi<“als may be prevcmtcul V>y mixing chemicals in a room separate from that used 
for iirocMXssing prints (or films), and l>y keeping the printing paper protected m its 
l)hmk (mvelope, cardlmard box, or in a drawer until ready for use. (b) Brown spots 
du<^ to exhausted or oxidized developer may be prevented by using properly com- 

tmunded developer made from pure fresh chemicals. 

4. Remedy.— In some instances it may be possible to wash off rust particles, 
t.hereViy ridding the print of stains. Usually, however, it is best to make a new print. 
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Fading. 

1. Distinguishing Characteristic. —Fading \ipon aging of the print, especially when 
accompanied by yellow or brown discoloration. 

2. Cause. —Incomplete fixing or washing of the print. 

3. Prevention. —Proper fixing and washing. 

4. Remedy. —None. 


Finger Marks. 

1. Distinguishing Characteristic. —Imprint of fingers on the print, the finger mai’k.s 
being (a) lighter or (6) darker than the rest of the print or (c) showing up upon aging 
as a discoloration. 

2. Cause. —Impressing the fingers on the emulsion side of the print, ospcHnally 
when the print is wet with processing solution, (a) If the finger marks are lighten- 
than the rest of the print, grease from the fingers may have been depositcal on the 
print prior to development. White fingerprints may also be due to touching the print 
with hypo-contaminated fingers. (6) If the fingerprints are darker than the r(‘st of 
the print, grease from the fingers may have been, deposited prior to development hut 
after fixing, (c) The appearance of finger marks, upon aging, as a discoloration indi¬ 
cates inadequate washing, which may be due to grease preventing full action of the 
wash water in removing hypo. 

3. Prevention. —Cleanliness in handling prints. Wearing rubber gloves or rubber 
finger tips will prevent grease from fingers from reaching the print and, since the 
rubber is smooth and nonabsorbent, will assist in keeping the hands (dean. 

4. Remedy. —Make a new print. 


Freaks. Uneven Marks and Spots. 

1. Distinguishing Characteristic. —Uneven marks and spots, sometimes uppeariiig 
as if deposit of oil or grease has been made on the print. 

2. Cause. —(a) This may be due to uneven development, (6) a weak df^v(dopiug 
solution, or (c) an actual deposit of oil or grease. 

3. Prevention. —Causes (a) and (6) may be prevented by proper devc'lopuumt. 
The developer should be properly compounded from pure and fresh matcu-ials. 
print should be immersed quickly and thoroughly in the developer and should be 
agitated in solution so that even development, without the formation of air Ixdls, 
may result. In case (c) cleanliness is the oidy preventative. 

4. Remedy. —None; make new print. 

Greenish-brown Spots. 

1. Distinguishing Characteristic. —Greenish-brown spots on print. 

These spots may be caused by (a) excessive anu^unt of potassium 
bromide in developer, (6) exhausted or old developer, or (c) overc^xposure. 

3. Prevention. —In (a) and (6), the defect may be prevented by using fn-sh and 
properly prepared developers and by discarding exhausted or oxidized solutions. In 
(c), correct exposure is the preventive. 

4. Remedy. —Make new print. 


White Spots on the Print. 

1. Distinguishing Characteristic. —(a) Small irregular white spots with sharply 
defined edges. (6) Round white spots with fairly well-defined edges. 

2. Cause. —(a) These spots are often caused by dust or dirt either on th(^ negativt^ 
Itself or upon the glass top plate of the printer. If the particles of foreign matt(>r are 
on the emulsion side of the negative, they will produce sharp images on the print, 
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whereas if they are on the plain side of the negative or upon the glass plate of the 
printer, the images will be less sharply defined. (6) Formation of an air bell on the 
print during development prevents the developing solution from acting on the sj^ot 
covered by the bubble, so that no development takes place and a white spot results. 

3. Prevention. — (a) Cleanliness is the only preventive where spots are due to 
dust, lint, dirt, or other foreign matter. (6) See Air Bells, page 541. 

** 4. Remedy. —Careful spotting and retouching will be required. 

Mechanical Defects 

Curling of Prints. 

1. Distinguishing Characteristic. —Prints curled upon drying. 

2. Cause. —The emulsion contracts to a greater extent than the paper backing 
on prints, so that, upon drying, prints tend to curl with the emulsion on the concave 
side. 

3. Prevention. —Curling may be prevented by washing the print in a bath con¬ 
sisting of from 1 to 2 parts of glycerin in 10 parts of water. The print should be 
washed in this bath for 5 min. (or until the back paper support is thoroughly saturated 
with the solution), after which the print may be dried in the usual manner without 
further washing. The pi-ints may also be dried fiat by laying them (emulsion side 
down) on the drying stretcher and sponging the back paper slightly with alcohol or 
water. With this method, the total time required for drying will be increased, but the 
prints will dry much flatter than with ordinary drying. 

4. Remedy. —Prints may be straightened by drawing the print, emulsion side out, 
over a smooth, rounded corner of a drawing board, table, or similar surface in such 
a way as to impart concavity to the back of*the print. While this method is quite 
satisfactory, care should be exercised. Care is especially necessary with prints having 
a glossy surface, as the surface of the prints may be cracke<l. 

Frilling. 

1. Distinguishing Characteristic. —Emulsion separating from the paper backing. 

2. Cause. —(a) Processing solutions too warm. (fe) (hirehiss handling of piint. 

3. Prevention. —(a) All solutions shoidd be between GO and 70°F., and all solutions 
should, preferably, be at the same bunixirature. They may be brought to the sam(i 
temperature by setting thcuu in a water bath for a length of time sufficient to have all 
solutions r(nich equilibrium. (6) Care in handling prints is the only prevention in this 

(fasti. 

4. Remedy. —None. 

Spotty Glazing. 

1. Disiiri,guishing Characteristic. —Surface of print not uniformly glossy. 

2. Cause. —Imperfect or improper ferrotype glazing dut' to (a) imix-rfect contact 
between ferrotype plate and print, (5) improperly prepared surface of ferrotype tin, 
or (c) failure to squeegee the print on the ferroty[3e tins. 

3. Prevention.—{Ban chapter on Washing, Fixing, a,n(l Drying for proper method of 
ferrotyping.) 

4. Remedy. —Sometimes spotty glazing may be remedit'd by soaking the print in 
water and again drying on the ferrotype plate. 

White Deposit on Print. 

1. Distinguishing Characteristic. —White deposit covering emulsion side of print. 

2. Cawsc.—Use of exhausted or immrrectly mixed fixing bath; impurities in fixing 
bath. White precipitate in bath deposil.s on print. 
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3. Prevention. —Properly prepared fixing bath made with fi*esh pure chemicals. 
Swab print before washing, but after fixing. 

4. Remedy. —The deposit may sometimes be removed by soaking the print in water, 
removing the white or milky deposit, and washing in fresh water, after which it is dried 
in the usual manner. 

Stains, Discolorations, and Improper Tone Reproduction 
Gray or Granular Appearance. 

1. Distinguishing Characteristic. —Gray or granular appearance of the print, 
especially at the edges. 

2. Cause. —Among the causes may be listed: (a) use of old printing pa.per; (/>) 
underexposure and forced development, (c) printing paper kept in moist atinosplu're, 
(d) insufficient amount of potassium bromide in the developer, (c) light fog. 

3. Prevention. —When the true source of the gray or granular appearamu^ is 
determined, the preventive measures will suggest themselves. 

4. Remedy. —None. 

Gray or Lead-colored Print. 

1. Distinguishing Characteristic. —Gray or lead-colored instead of w'hil.c high lights 
in print. 

2. Cause. —(See Gray or Granular Appeai’ance.) 

3. Prevention. —(See Gray or Granular Appearance.) 

4. Remedy. —(See Gray or Granular Appearance.) 

Green, Contrasty Prints. 

1. Distinguishing Characteristic. —Prints are too contrasty and ha,ve gnam appear¬ 
ance. 

2. Cause. —(a) Underexposure and overdevelopment, (b) Uxcess bromidt^ in 
developer. 

3. Prevention. —(n) Correct exposure and cornnit dev<Uopm(uit. (//) Prop<u'ly 
compounded developer, made from fresh pure chemicals. 

4. Remedy. —None; make new print. 

Purple Discoloration. 

1. Distinguishing Characteristic. —Print contains purple discoloration. 

2. Cause. —Improper fixing in which the developer is pcu-rnittcMl l.o a.ct on (Ik* 
print during fixing. 

3. Prevention. —Immerse print quickly and entii-ely in fixing solution, agitating 
it while in solution. Do not permit print to float on surface of fixing solution. 

4. Remedy. —Make new print. 

Tones in Print Are Muddy. 

1. Distinguishing Characteristic .—Prints have muddy appearaiure. 

2. Cause. Muddy tones in a print may be due to (a) ovf'rc'xposuix’: a,nd ov('r- 
development, (6) excess potassium bromide in develojan*, (c) t'xposun' of [printing 
paper to dampness, (d) exposure of paper to cheincal fumes. 

3. Prevention. 'When the real cause for the muddy toncis lias been <let(‘rniin<*d, 
the necessary preventive measures required will be self-evident. 

4. Remedy .—Make new print. 
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Yellow Stains. 

1. Distinguishing Characteristic .—Yellow stains on portions of print. 

2. Cause .—Yellow stains are a fairly frequent source of difficulty and may be due 
to a number of causes, among them: (a) exhausted fixing bath which permits develop¬ 
ment to proceed, (6) forced development, (c) weak or exhausted developer, (d) hypo 
carried into the developer, (e) failure to rinse prints between developing and fixing 
baths, (/) uncleanlincss or impurities in development, (g) incomplete washing of the 
print after fixing, (h) exposure of jjrint to light after development but before fixing 
has been completed, (i) prolonged exposure of paper to moist salty atmosphere. 

3. Prevention.-—The preventive measure which will be required will suggest 
itself when the true cause of the yellow stains has been discovered. 

4. Remedy .—Make new print. 


Unevenness 

Small Black Spots. 

T. Distinguishing Chat'octeristic. —Small black spots, usually circular, .on the print. 

2. Cause. —Print made from negative which has unretouched pinholes. 

3. Prevention. —Printing from pei’fect or retouched negative. 

4. Remedy. —The black spots in the print may be bleached out by applying a small 
amount of tincture of iodine, applied with a fine brush or sharpened stick of wood, 
after which the print is washed in hypo. The black spot is changed to a white spot 
which may l)e retouched in the usual manner with a spotting brush (see Carney a, 
Deceml)er, 1937, p. 404). 

Uneven Development. 

1. Distinguishing Characteristic. —Streaks of varying density in the print, some¬ 
times accompanied by yellow discoloration. 

2. Cause. —Uneven development. 

3. /'’rcticwfmr/,.—Immerse print in properly prepared, full-strength developer 
quickly and thoroughly, agitating it during thci first few seconds. Th(^ print should 
1)0 thoroughly immersed'in d<w(*lop(;r sohition, it shoidd not bo permitted to float on 
top of the solution, and the tank or tray should bo ro<d<ed. 

4. Rcyncdy. —Locai int(vnsifica.tion may l)e used to build up the less dens(i portions 
of tlui negative. 

Uneven Fixing. 

1. Distityguishing Characteristic. —llmwcuj density in pritd., which b(5a,rs no ndation 
to images. 

2. Cause. Uiuwcuj fixing. More specifically tlui cause may he due to (a) air 
Infils forming on print (scu; Air Hells); (5) failun; to agitaiiCi print suMicicmtly well in 
fixing bath; (c) prints sticking together during fixing, so that protcuited a,rea,s do not 
l)(aa)me. fixi^d. 

3. PreiK'ntion. Imnnu'se print (piickly a.nd thoroughly in fixing batli. Agitah'. 
print during fixing. 

4. Rcntedy. ■Mak<' lunv print.. 
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CHAPTER XVIII 


INTENSIFICATION AND REDUCTION 

By Beverly Dudley 

The ideal situation to bo striven for in the technique of the photographic process is 
1.0 produce negatives and prints that arc free from blemishes and in which the opacities 
of a portion of the image are properly related to the visual brightness of the corre¬ 
sponding areas of the original subject. When the negative or print departs from 
those idea,!—-or other desired—conditions, corrective processes may sometimes be 
employed to advantage. Among the most important corrective processes may be 
listed intensification and reduction which are chemical in their characteristics. 
Physical or mechanical corrective processes, such as retouching, spotting, and the 
varic^us control methods which may be used in printing will not be discussed in this 
<‘hapter. The chemical corrective processes may be applied either to the negative or 
to the print. Usually, however, it is more satisfactory to make a new print than to 
at.tcmpt to correct for certain defects, so that intensification and reduction are used on 
prints relatively infrequently. Consequently, the majority of the material in this 
(diapter refers primarily to intensification and reduction of negative materials. 

INTENSIFICATION 

I nt.<Mi.sificat.ion is th<^ photographic process by which the density and contrast of the 
sil\'(u- imag(‘ art^ increascxl. Intensification may l)e necessary or advisable for several 
r('n.Hons; (1) The negative may be underexposed and so thin that the printing time to 
obtain the desired result may be inconveniently short. (2) The negative may be 
un<l('r(lev<'lop(Ml and tliorefore lacking in contrast, in which case intensification may be 
uh<h1 t.o increase contrast. (3) Portions of the negative may be so thin that the 
rc‘sulta.nt print is dark and lacking in detail. In this last case, local intensification of 
the nega.l.iv(^ may be cpiite helpful. 

In a mgativci, intcmsifKiat ion may l)e effected by any chemical or dye process which 
decrea.s(^s the transmission of light through the negative. Becaxise such light- 
a.l>sorbing substances may not l)e neutral, i.e., gray, in color and because the sensi¬ 
tivity cliaractcM-istics of tlu^ human eye difhu’ from those of the photographic paper 
ui)on which the negatives is t.o Ixi printcal, the visiud effect of intensification may differ 
from th<i photographic effect. ClonseriiKmtly, it is not always possible to determiiK^ 
tin' dt'gna' of photographic int<'nsific:at.ion from visual exa,ruination or measurements 
made on air int(‘nMifi('< 1 rngatiivr'. In posit iv(' prints, intensification may be effected 
l>y a.ny c.hemi('a,l proc.r'ss whic'h inercarsc'S the visual (h'lisity of the deposit of silver on 
t li<' |)a.per, but wlu'H' prints arc; comarrm'd, it is highly desirable that the intensification 
irroduco a nmitra.l ratlier t han a, colon'd ('fleet. 

Classification, of Intensifiers.-^ lnt,('nsifi(‘i-s may be ('lassified according to the three 
common met hods by which intr'nsific'at ion ma.y Ix' ac'complished: 

1. A iKiW film <jr ch'posit of silvc'r may Ix' adch'd t.o that already existing on the 
lu'gative or print. The; silver intenrsifiers are the only ones pnrducing intensification 
of neutral color. They have thrr further advantage in producing a permanent effect- 
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2. The original silver deposit may be treated with substances which will unite with 
the metallic silver so as to produce a combined deposit of greater density than that, 
provided by the metallic silver grains alone. Chromium, mercury, lead, copper, and 
other metals may be used to combine with the original silver. While some of these 
methods produce an appreciable increase in density, the intensified image may irot be 
neutral in tone. 

3. The color of the original deposit may be altered to provide greater opacity to 
the passage of light through the negative. In such cases the visual and photographic 
intensification may be quite different, so that visual inspection does not give a, good 
indication of the photographic effect which this type of intensification produces. 
This is especially true where the color of the intensified negative is yellow, for a. 
yellow stain has relatively high absorption in the blue end of the spectrum to whicdi 
printing materials are most sensitive. 

Instead of classifying the intensification process, as we have done, according 
to its modus o'perandi, a classification based on the visual and photographic eflfe(vts 
is sometimes employed. According to this classification there are three types of 
intensification: 

1. Intensification methods giving both visual and photographic inte.nsification. 
This is the most common and useful class of intensifiers. 

2. Methods giving photographic intensification but visual reduction. 

3. Methods giving visual intensification with photographic reduction obtained 
only when intensifiers having a bleaching effect are employed with negatives which 
were originally considerably colored or stained. 

Considerations in Intensification.—The characteristics of intensifiers as th(\v 
affect the original negative should be considered in selecting an intensifier for any 
particular purpose. Permanence of the intensified image is important when prints 
are to be made over a long period of time from the same negative. Anotina’ findior of 
considerable importance, especially in scientific work, is preservation of grada.tion of 
the original image. 

Since the desired degree of intensification may not be obtained with a single 
treatment, it is important to determine whether or not the particudar imd hod chos<'n 
permits repeated intensification by successive treatments. The color of the intensified 
image may' also have important practical consequences, for it ma,y Im cx-tnuncly 
difficult to determine by visual inspection the extent of photographic! int.(!nsifica.tioTi 
when the intensified image is colored. Thus colored images whi<!li r<!svdt. from the' us(' 
of such intensifiers as uranium and the copper-tin mer(!uric iodide! int('nsi(i(!r followe'd 
by Schlippe’s salt or an alkaline developer may produce considc^rably gr(!a.t(!r phol.o- 
graphic intensification than might be judged from visual inspect,ion. 

Excessive intensification may have been attaiiu^d in the int(!nsilica,ti()n pro<!ess. 
In such cases it is advantageous to know the conditions under whicli tlu! intensified 
image maj' be reduced. 

The important chara(!teristics of the more usefvil intensifiers are givciu in Tal)l(! I. 
Tor details on other intensifiers, or for additional data not given luire,- tlu! readc'r is 
referred to more complete articles given in the bibliography. 

Sensitometry of Intensification.—The (iua.ntitative nu!a.sur(Mnent of l.lu' intcui- 
sificatiou which is possible! through the u.se of various intensifying a-g<!n(s may be 
determined and expressed in much the same manner as the sensi(,onu!tric. clmract(!r- 
istics of photographic materials.' 

In determining the characteristics of intensifiers, a strip of film is givim a. sm-ies of 
known, graded or stepped exposures and is then developed, washed, fix<!(l, and driial in 

1 Suitable methods for determining sensitometric charactenstics have been given in tlu; elmptcr on 
Photographic Sensitometry. 
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IS that given by curve A, and most intensifiers have, at least approximately, this 
general characteristic of proportionality. 

As shown in Fig. 2, another method of showing the characteristics of intensifiers is 
to plot the percentage increase in density due to intensification as ordinates against the 
original density of the test strip as abscissas. The curves of Fig. 2 correspond to 
similarly lettered curves of Fig. 1. The curves of Figs. 1 and 2 are idealized for the 
purpose of illustration, and do not represent the measured characteristics of any 
particular intensifying agent. 

According to whether the slope of the curve of Fig. ? is positive, zero, or negative, 
intensifiers have been classified as positive-gradient, proportional, and negative- 
gradient intensifiers, respectivcvly. According to the published work of Nietz and 
Huse,’^ and Crabtree and Muehler,^ tlio following classification of intensifiei’s with 
examples of each type, is pcrinissible: 

1. Proportional or zero-gradieut intensifiers 

Chromium intcnsifier 

Mercury intcnsifier (Mouckhovon’s intcnsifier) 

Silver intcnsifier * 

2. Positive-gradient intensifitu's 

Copper-tin 

3. Negative-gradient int(Misificu-s 

Mercuric iodide and Scddipj^c’s sa.lt.s 

Mei’curic iodides and i)arH,niinoj)henol 

Bichromate and hydrochloric acid and Amidol 

B(!causc all densities are increased by the same pee- cent in proportional intensifiers, 
sxich intensifiers have the efh^ct of inc.reasing the y of the developed film. The effect is 
much the same as if the negative had been develop<Hl for a longer time or at a, higher 
temperature since t hc^ contrast is increa.sed. Bec.juise of their desii'able characteristics 
and their extensive use, only jiroportional inbmsifiers will be discussed in this chapter. 
For details of the other types of intensifiers, refereruie shovdd l)e made to the paper by 
Nietz and Hus(\ 

Intensifiers. Clironiiunh /«icn,s’'?7i.cr---Int<'nsification with chromium is a favorite 
method for moderate degna'. of int.ensification and Unids itst^lf to various control 
methods, depending upon th<> (M)mposition of tin': bleaching bath. 

In chromium intensification, the original silver image is bleached in a solution of 
potassium bichromate and hydrochloric. a,cid or hydrobromic a,cid or, alt<u-natively, 
a solution of chromic acid and sodium chloride. The bhuudiing process is them 
followed by redevelopment in a,ny ordinary developer a,ml by wa.slung. 

Although the (‘xact {)roportions of th<^ various c.onstit.mml.s ma,y be va.ri<^d over 
rather wide limits, a suit.a.ble bl('a.ching l)a.th may Ixi made as follows; 

. H fjc, I <)/.. 

Hy(Iropliloric iKiid... 

Wiiier. 1 

H,c\soa.r(‘>h l)y (a-iul PifX'r** ha,s india.n.lrod tlnit 1\m^ of int(nisifi(‘ation 

dopcxids upon t he <‘<>n(*(‘rd.ra,t ion oF t.lu^ oohsl it.iuad s, ('spcxhaJIy tluiF of th(^ a-aid. liy 

1 Nri'Vrz iind IIuhm, P/iof. 68, 81 (1918); ./. Franklin Itfsf,, Marttlj, 1918; lirii, J, Phof,, 66, 179, 191 
(1918). 

CuABTitiiiB, J. I., and L. K. Muicifiaait, R<Hlu(nn#3: and In^(umifyi^^a; BoluiioiiH for Motion Pictures 
Film, J. Soc, Motion. Picture Fiiuth., 17 (No. (i), 1001 1053 (1931). 

3 Carnicgik, D- j., and C. W. PiPKit, InlcnHification and Retlcvclopment, A m. Phot., 40, 336, 1904, 
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varying the concentration, various degrees of intensification are possible. The great¬ 
est intensification is produced with relatively small amounts of acid (2 cc. per 1.) and 
bichromate (10 g. per L), whereas the degree of intensification decreases as these con¬ 
centrations are increased. The quantity of acid cannot be increased indefinitely, as 
the rate of bleaching slows down. The maximum concentration recommended by 
Carnegie and Piper was 20 g. bichromate per liter and 40 cc. acid per liter. The 
formula given on p. 551 is that recommended by Crabtree and Muehler’^ and gives an 
increase of 40 per cent in density for a single treatment when redeveloped in D-72 
developer. The intensification can be increased and greater speed of bleaching results 
if 5 g. potassium bromide is added to each liter of solution. If desired, the solutions 
can be made up for storage with ten times the concentration given above and may be 
diluted 10 to 1 for use as required. 

Bleaching will require about K to 3 min. Incomplete bleaching results in rela¬ 
tively greater intensification of the lower densities compared with the higher. After 
bleaching, the negative is washed in running water until all trace of bichromate has 
been removed. The negative is then redeveloped in a nonstaining developer. Since 
the sulphite may result in reduction of lower densities, the developer is preferably one 
in which the sodium sulphite concentration is low. Suitable developers include those 
composed of Amidol, metol-hydroquinone, metol, or paraminophenol. See chapter on 
Developers and Theory of Development. A suitable developer is the Eastman D-72, 
which is prepared as follows: 


Hot water (approximately 125"^}. 

. 500 


cc. 

i\4 

oz. 

Metol (Elon). 

. A. 

, 1 

p;- 

180 

{XV, 

Sodium sulphite (desiccated). 

. 45 


<r 

6 

oz. 

Hydroquinone. 

. 12. 

,5 


1 

oz. 260 gr. 

Sodium carbonate (desiccated). 

. 67 . 

.5 

ff- 

9 

oz. 

Potassium bromide. 

. 1. 

.9 



oz. 

Water to make. 

. 1 


1. 

1 

sal. 


Develop from 3 to 10 min. (depending \ipon degree of intensincation d('..sired) 
at 65 to 70°P. Rinse the negative and immerse in fixing bath for 5 min., wa.sh thor¬ 
oughly, and then dry. 

The intensification process may be repeated, if desired, although the degree of 
intensification decreases with each treatmeirt as the number of treatments is iiU‘rea,S(Ml. 

Mercury Intensifier .—Intensification with mercury is acaiomplished by (h^positing 
metallic mercury or one of its compounds on the silver image. This is a(u*omplish{'d 
by first bleaching the silver image in mercuric chloride or mertmric l)romide to produce 
silver mercurous chloride. The compound thus produced is reducicd, in the process of 
development, to silver and mercury compounds or mercury and compounds of silver 
and mercury, according to the character of the redevoloper. 

A suitable Ideach consists of 

Potassium bromide... 22.5 'A oz. 

Mercuric chloride^. 22.r> A oz. 

Water to make... i k 1 «jd* 

1 Mercuric chloride is extremely poisonous and should bo huiidhal a(:<‘ordin 

It is essential that negative's be free from hypo tx^fon' l.lemdung, or local stains 
may result. The negative is l)leaclied until the imagcj is wliite. Aft<u- blon,(‘hing, 
wash the negative in running water for 5 to 10 min., and redevelop. 

Several suitable redeveloping solutions are possilde, but the silver eyiuiid(i r('d(;v('l- 
opsr (forming with the above Ideach what is known as Monckhoven’s intensifier) 
is one of the most suitable and host known. Monckhovtui’s int(uisi(i(>r nvsults in 
a high dc^gree of intensification, although reduction occurs for tlie v(iry low densities. 
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This intensifier is consequently well suited to black-and-white line work, or where 
high contrast is desired. The silver cyanide redeveloper consists of 


Sodium or potassium cyanide (poison). 15 g. 2 oz. 

Silver nitrate..... 22.5 g. 3 oz. 

Water to make. 1 1. 1 gal. 


The cyanide and silver nitrate should be dissolved separately, and the latter 
added to the former until a permanent precipitate is just formed. After the mixture 
has stood about an hour, it should be filtered and is then ready for use. After redevel¬ 
oping, the negative is washed and dried. The intensified images are not entirely 
permanent. • 

Silver or Physical Trdensijiers .—Intensification with silver, sometimes called 
“physical intensification,” produces a permanent image of nexitral color. The 
degree of intensification may be easily'- controlled by varying the duration of the 
intensification bath or through the use of successive treatments. Silver intensification 
is accomplished by immersing the negative in an acid solution of silver nitrate which 
contains a reducing agent such as metol. In this solution silver is precipitated in 
colloidal form upon the original silver image. This colloidal silver deposits differen¬ 
tially oil the silver image substantially in proportion to the amount of silver in the 
original image. Consequently all densities are increased to the same extent, and true 
proportional intensification results. Furthermore a permanent image of neutral color 
is obtained, since the products of the intensification ai-e the same as those of the 
original image. 

The following silveu’ int(;nsifier, taken from Crabtree and Muehler' is more stable 
and satisfactory tlian those previously recommended: 

Solution 1 

Silver nitrate. 

Water to make. 

Solution 2 

Sodivnn Bulphitc (deHiccated). 

Water to make. 

Solution 3 

Sodium tluoMulphate cryHt.alw. ... 

Wat<‘r to make. 

Solution 4 

Sodiui*! Hulphite (dgHicauitdMl). 

k^lon (nud,ol). 

Water to ma,k(^. 

To prefian^ th(‘. intensifier, a.(l<l one piirt of solution 1 slowly to one part of solution 
2, obtaining a thorough mixtuni by stirring or slmking. A white precipitate will.form 
which is (lissolvcal by the addition of one part of solution 3. The n^sulting solution 
should l>e permitt(Hi to stand until <fi(ai,r, a.ft<u- whi(di thrc^cj parts of solution 4 should 
be addcal, with constant stirring, ''riie film should be freattal ittunediattily in this 
solution. '^Phis mixcMl solution is stable; for abo\it 30 to 45 min. at. 70°!'’. 

The degr('(^ of intensification obta,ined d(‘pends upon tlu* hmgth of time the film 
is imm<u-s(Ml in tlui soluf.ion, but bcc^a.usc Uk'i solution is not sta,l)le for a much longer 
time, this should not(‘Xceed 25 min. AfUu- inhuisificml ion, tlu^ film should be iinnun-scHl 
.md agita,t.ed in a. pla.in 30 p('r c.<ud, hyi)o bath for 2 min. If, sliould th(n\ be waslaul 
thoroughly. Since; it ha,s beam found (.hat hyr)(> baths ha.v(' sortie r-edu<tmg action on 
the silver ima.ge, the film should not be h^fl. iti th<^ hytio bath (.oo long. 

A 50 per cent increase in density can be obl.ained by immersing the film in the. 
silver intensifier for 10 itiin., but a much higher tlegree ol inl.ensification may be 
obtained through the ust* of succe.ssive treatments. 


00 g. 

2 

025. 

, 11. 

32 

OZ. 

00 g. 

2 

OZ. 

.11. 

32 

OZ. 

ior> g. 

3. 

5 oz. 

1 1. 

32 

oz. 

10 g. 

210 

ffr. 

24 g. 

351 

Sr- 

3 1. 

06 

oz. 


1 Ibid. 
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Reduction, of the intensified image may be accomplished by the use of such sub¬ 
tractive reducers as Farmer’s and Belitzski’s reducers. These reducers do not affect 
the contrast of the intensified image. Siiitable formulas giving proportional reduction 
with the silver image have not been developed to date, so that the desired contrast will 
have to be determined in the intensification process. 

Uranium Intensifier .—Uranium intensification produces an extremely high degree 
of intensification^ primarily because of the color of its image, which varies from reddish 
brown tp bright red. A disadvantage of uranium intensification is that the photo¬ 
graphic intensification is considerably greater than visual intensification, so that the 
desired effect may be difficult to judge. Moreover, the intensified image is not cojn- 
pletely permanent. Because of the high intensification produced, the method is 
suitable for use with very thin negatives where other intensification methods might 
be rinsuitable, or it may be used as a local intensifier. 

A suitable uranium intensifier may be made with the following two solutions; 


Solution 1 

Potassium ferricyanide. 

Water. 

Solution 2 

Uranium nitrate. 

Potassium bromide. .. 

Water.. 


50 

g- 

384 gr. 

1 

1. 

16 

02S. 

50 

g. 

384 

gr. 

20 

g. 

154 

gr. 

1 

L 

16 

015. 


Immerse the negative in solution 1 until Ifieached, then wash thoroughly in water. 
Immerse in solution 2 until no further action takes place, and wash in a dilut<^ bath of 
acetic acid. Finally wash in plain water, and dry. 

Because of the change in color produced, uranium intensification is sonn^times 
considered as a toning process. 

REDUCTION 

Photographic reduction is the process by which the effective density of th<^ photo¬ 
graphic deposit is diminished. Reduction of the photographic image may be: d(\sirable 
for several reasons: (1) It may be desired to diminish the average density of the nega.- 
tive so that the printing time may be reduced; (2) reduction may be used to imweast; or 
decrease the contrast; (3) traces of fog may be removed by reduction; (4) eff(H‘.ts of 
overexposure or overdevelopment of a positive image may be modified by reduction. 

The process of reduction consi.sts in dissolving away some of the silv(u' deposit of tli<^ 
image. Depending upon the differentia,! action of the reducing agent on tlu^ dcmsity 
of the original silver image, the effect of photographic reduction varies with the typ(i 
of reducer employed. This gives rise to the following convenient classification of 
photographic reducers: 

Types of Reducers.—Subtractive reducers are those which remove an equal amount 
of silver from all parts of the image or from all densities. Through their use the gen¬ 
eral or mean density of the negative is diminished l>ut the density range (and con¬ 
sequently the contrast) is usually increased. Subtractive reducers are used mainly to 
improve overexposed negatives a,nd positives, or for the; removal of fog. Subtra.ctiv<) 
reducers are also known as "cutting” or “surface cutting” reducers. 

Proportional reducers arci those which rennove the silver deposit in proportion to 
the amount originally present in the image. Thus, all densities are reduced by tlui 
same percentage, and contrast is de(!reased. Proportional reducers are used mainly 
to reduce excessive density and contrast due to ovcuxlevoloptnent. 

Superproportional ixiducers remove a greater percentage of silver from the high 
densities than from the low. Accor<lingly the decrease; in density due to reduction is 

» Nibtz and Husk, Phut. J 68, 81 CUU8); J. Franklin Inst., 185 (No. 2), 231 (1918). 
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proportional to the a,mo\xnt of silver originally present in the image. Such a reducer 
decreases the contrast and is used chiefly for the reduction of overdeveloped negatives 
of contrasty subjects. 



log,oE 


B 




Fi«. 3.—Characteristic curves of original and reduced photographic materials for various 

types of reducers. 


Sensitometry of Reducers.—The characteristics of reducing agents may be deter- 
inirKHl in exactly the same manner as the 
c.haractcu'ist ics of intensifiors are determined, 
and the results may l)e plotted in the same 
form. Figure 3 shows the D-logio E charac- 
leristi(!S of an assumed photographic 
ina,t.erial, together with liyiiothetical charac¬ 
teristics of the three idealized types of 
rcMlucers. Figure 4 shows tlu^ character- 
i.sti<%s of redu(^<u’H plott.e<l in such a way that 
their chissifhuition is somewhat more readily 
rec'ognizcid. Tn Fig. 3, curve A represents 
th(‘ suhtra,(d,iv(^ nalucer, curve Ti tlu^ pro¬ 
portional nuhicer, and (uirve C the sui)erpro- 
portional or “ (latte-ning” reducer. 'Theisc 
t hree f.ypes of iHiducers, na may be seen from 
Fig. 4, may be lalxded as positive-gradient, 
zero-gradient, and negativ(^-gradi(‘nt nalm^ers, corresponding, respectively, to super- 
[xroportioiuil, proportional, and suhpro[><)rtional I’calucers ot I'ig. 3. 

According (x) thi.s (dassifiea tion, tla^ following thnie typess of reducers together with 

n'pn^Hc^ntativ(> roriuulns two 



Fig. 4.—The eharacteristics of vari¬ 
ous types of reducers, expressed in per¬ 
centage cha,nge of the original density. 


1. Superproportional or positive-gradient rtdiiccrs 
Farmer's r(r<luc(‘r 
FT a d do n ’ s r t m I u c. (- r 
Iodine-cyanide; rediuuu- 
Ferrieya.ni(le and cyanide nahici-r 
Modified liolitzski reducer 
Potassium permanganate redvmor 
1 i ic h rom atex rod 11 ee r 
Ceric ammonium nitrate reducer 
Ceric ammonium sulphate reducer 
Ferri<yanide and ammonium sulphocyanide 
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Iodide-hypo reducer 
Copper reducer 

2. Proportional or zero-gradient reducers 

Ferrocyanide-hypo 
Permanganate in acid state 

Q^one sulphonatesH^**' sulphuric acid 
Deck ammonium persulphate 
Ferric salts 

3. Subproportional or negative-gradient reducers 

Alkaline persulphate (ammonium persulphate) 
Persulphate reducer 
Benso quinone 
Erdmann’s salt 

Potassium permanganate with ammonium sulphocyanide 


The literature on photographic reducers is so voluminous that no attempt will be 
made to describe more than the most common and satisfactory reducers in general 
use. For additional information, the reader is referi’ed to the references given in the 
bibliography. 

Subtractive Reducers. Farmer’s Reducer .—A popular reducer inti*odu(Uid l)y 
Howard Farmer consists of a mixture of potassium ferricyanide and sodium thio¬ 
sulphate. In this reducer, the silver image is attacked and oxidized liy tlie f(;rro- 
cyamde, and silver ferrocyanide is formed. Since this silver ferrocyanido is soluhk' in 
hypo, the silver removed frofn the negative goes into solution. 

Farmer s reducer is used as a single solution reducer, although it is madc^ up in two 
stock solutions since the mixture does not keep well. A satisfactory fornuda is 


Potassium ferricyanide. 

# 

Solution 1 


1 

Water to make. 


. ' • «> g. 

i 

Sodium thiosulphate (hypo).... 
Water to make. 

Solution 2 

. 480 pr, 

. 2 1. 

l () 

10 

04 


For use, 30 cc. (1 oz.) of solution 1 and 120 cc. (4 oz.) of solution 2 are dilutiul with 
water to make 1 1. (32 oz.) of reducing solution. The negative is immm-s(Hl in this 
working solution until the desired reduction is obtained, after which the n<^gativ(‘ is 
washed and dried. The reducing action continues slightly after the film is r(!mov(ul 
from tpe reducing solution, so that it is well to remove the negative to the wash hath 
just before the desired reduction is obtained. The action may best be carried out in a 
shallow white tray which facilitates easy inspection of the degree of reduction taking 
mixed solution does not keep well, and if sufficient reduction is not, 
obtained after about 5 min., the film should be transferred to a fresh bath until t Ih> 
desired result is obtained. 

While classed as a subtractive or cutting reducer, the effect produced by this 
reducer depends to a large degree upon the nature of the reducing solution iind 1 h(‘ 
image which is being reduced. Crabtree and Muehler have found that a two-solution 
reducer is more satisfactory and permits greater control than the single-solution 
Farmer’s reducer. A vigorously acting formula such as one containing 1 per cent of 
potassium ferricyanide and 10 per cent sodium thiosulphate, produces almost purely 
subtractive reduction of the silver image. The color of the reduced image may be 
slightly brown, but this is ordinarily not objectionable. 
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Farmer’s double-solution reducer is made up as two stock solutions, according to 
the formula: 


BoLiUTION 1 

Potassium fe.rricyjinicle. 

Watei" to make. 

SoijtrTioN 2 

Sodium thiosvilphate (hypo). 

Water co make. 


7.5 1 oz. 

1 L 1 gaL 

200 g. 1 lb. 11 oz. 

11. 1 gal. 


The negatives are agitated in solution 1 for from 1 to 4 min. (depending u'pon 
the reduction desired) at 65 to 70°F. The film is then immersed in solution 2 for 
5 min., after which it is washed thoroughly. If more reduction is desired, the process 
may be repeated. 

HaddorCs Reducer .—A single solution made of ferricyanide and ammonium sulpho- 
cyanide, formulated by Haddon, is of the subtractive type but has the advantage that 
the solution is stable. The reducing solution is made as follows: 


PotaBHiurn ferricyanide. 5 S* 22 gr. 

Ammonium Hulphocyanide. 10 g. 44 gr. 

Water to make. It 10 oz. 


The negative is immersed in this solution until the desired reduction is obtained, 
after which the film is washed in running water a.nd dried. With this reducer, there 
is a tendency for a slight white deposit to form on the film. The deposit is soluble in 
sotliuni thiosulphate as well as in sodium cyanide and may be removed by immersing 
(.he negative in hypo. A small quantity of sodium cyanide may be added to the 
reducer to prevcuit formation of this deposit. 

Iodine-cyanide Reducer .—A subtractive reducer which removes a slightly greater 
(luantity of silver from tln^ cl(‘ns(‘r portion than from the lower densities may be made 
of a, dilute solution of sodium or potassium cyaaiidc^ with a. small amount of iodine. 
A siiitalde formula is 




22 gr. 


. .. 1 g. 

4,5 gr. 

. 

Wilidu* t o nuik{‘... 

. 11 . 

10 oz 


d'h(‘ solut ion is liighly unstabh' a.nd musli tluuaMorc' lx.' pF(q)ar(xl immediately before' 
us('. Approximaticly :l() p('r cent, rcxlmdion in density may l)e obta.in('d in 10 min. 
Aft.er suita,I»l<^ ix'duct.ion has bix'n obtained, wash in chair wa.t(u-, and dry. 

I'erriciianide and (Cyanide Reducer .—A solution ol pota,ssium tcu'ric.yaTutle and 
sodium cyatiidi' torins a stable* reduc.i'r ol tlu* sul)t.ra.(d'iv(5 t.ype. It.s disadvantages 
are tluit it is highly poisonous a,nd softens the gelatin, so tha.t i)r(diminary hardening 
in a formalin bath fsec' (’hai)t.('r on Fixdng, Washing, and Drying) is necessary. A 
suitabh^ formula, is: 


PotdiHHium f<*rricyaiii<lc 

Sodium . 

Wat(U' to lUJiko. 


2.5 g. 10.5 gr. 

2.5 g. 10.5 gr. 

1 1. 10 oz. 


By doubling t h(' concc'nt.ra t ion of t lx* ingredif'iit s, a, more rapid ra te of reduction 
is oVitainabh'. After the ch'sirc'd ri'diiction, wash llx' m'ga.t.ivc' in vva.t.i'r, and dry. 

Modijied Belitzuki’n Reducer, d'his n'duccu- pa.rt.aki's of tlx' cha.ra.ct,<'ristic.s of botli 
.sulrtructive a,ml proportional rc'ducc'rs. It nxlucc'S tlu' slope of t h(' yMogm R curve ol 
t.hc photographic nuiterial, although a, gn'ati'r projiortion of silver is nunovc'd ironi 
the lower than from the higlu'r (h'nsities. Th(' solution ket'ps from 3 to 5 days. The 
modification n'commended by (’rabtn'c and Muehh'r is 
















658 


HANDBOOK OF PHOTOGRAPHY 


Ferric chloride (crystals). .. . 

Potassium citrate. 

Sodium sulphite (desiccated) 

Citric acid. 

Sodium thiosulphate crystals 
Water to make. 


25 j?. 

SH 

oz. 

75 g;. 

10 

oz. 

30 g. 

4 

oz. 

20 g. 

2^3 

oz. 

200 K- 

1 

lb. 

1 L 

1 



Potassium Permanganate Reducer, —A dilute solution, of potassium permanganate 
acidified with sulphuric acid may be classified as a subtractive reducer, although like 
the modified Belitzski’s reducer, it shows characteristics intermediate l)etween .sul>- 
tractive and proportional reducers. The solution is not stable in contact with tlie 
air for more than a few hours when a single-solution reducer is used. -Accordingly 
the reducer may be made up in two stock solutions as follows: 


Potassium permanganate. 

Solution 1 

. 1.0 k. 

. 0.51. 

1?4 

32 

oz. 

oz. 

Sulphuric acid (concentrated)... . 

Solution 2 

. 5.0 cc. 

1 

oz. 

Water to make. 


. 0.5 1. 

32 

oz. 


The working solution is made up of one part of each of the stock solutions. 

After the desired reduction has been obtained, the film should be immersed in a 
1 per cent solution of sodium bisulphite for several tninutes, or in an acid fixing bath, 
and should then be rewashed. This reducer has the characteristics of a sul>tractive 
reducer, but by decreasing the amount of sulphuric acid or by using a weak acid, such 
as acetic acid, the reducer is more nearly proportional in its characteristics. 

Proportional Reducers. Krauss’ Ferric Ammonium Sulphate Reducer. —A rcMhicer 
having little or no action on low values of density but appreciable acition on densities 
greater than about 0.5 may be made of ferric ammonium sidphate in ac.id solution. 
The formula, originally suggested by Krauss, but modified by Crabtree and Muehler 
is 

Ferric ammoniunr sulphate. 15 K. 0.5 ox. 

Sulphuric acid (concentrated). 10 ec. 0.:i ox. 

Water to make. 11. >12 ox. 


In order that stains may not result, it is essential that the film to be reduced be 
freed of hypo and silver salts and that the film be not permitted to come into conta,(d, 
with the air during reduction. A disadvantage of this reducer is that it softens th(i 
gelatin during treatment, so that prehardening in a formalin bath is desiral)le. 

The film is immersed in the above solution until the desired reduction is obt.nincid, 
but this should not exceed about 8 min., as otherwise the low values of dcnsiti('s ar(^ 
reduced and the property of proportional reduction is no longer maintained. Treat¬ 
ment for 6 min. gives about 30 per cent reduction in density. 

Nietz and Huse Reducer. —Siibtractive and superproportioiial reducers luiiy Ixs 
combined to produce a proportional reducer. Such a proportional reducer lUiiy lx; 
made by combining potassium permanganate and aininonium persidphate nxhuxu-s. 

The following, worked out by Nietz and Huse, is a satisfactory formula for pro¬ 
portional reduction: 


Potassium permanganate. . . 
Sulphuric acid CIO per cent) 
Distilled water to make, . , . 

Ammonium persulphate. . , . 
Distilled water to make. , . . 


SoidUTION 1 


SOLTTTION 2 


0.25 p;. :i8.{) Kr, 

15 c(i. 0.25 oz. 

1 1. 25 oz. 

25 jnr. 0.75 oz. 

1 1. 25 <jz. 


For use one part of solution 1 is added to three parts of solution 2. The k(‘(;ping 
properties of the combined solutions is very poor so the solutions should be mix(;<l 
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immediately before use. After reduction, which requires from 1 to 3 min., the nega- 
tive should be immersed in a I per cent solution of potassium metabisulphite. This 
bath will roinoyc the stains produced by the manganese salts precipitated in the 
gelatin. 

Superproportional Reducers-—Only a few substances produce superproportional 
reducers, and of these the alkaline persulphates (usually ammonium) alone are of 
practical utility. As photographic I'educing agents, the persulphate reducers are 
erratic in their behavior. Since they act more rapidly as reduction proceeds, nega¬ 
tives reduced in persulphate reducers should be watched carefully in order that reduc¬ 
tion is not carried l)eyond the desired degree. The reducing action may be halted by 
placing the negative in an acid fixing bath. A suitable formula is 


Water. 

Ammonium persulphate. 

Sulphuric acid (concentrated) 
Water to make. 


500 cc. 5 oz. 

60 g. 262 gr. 

3 cc. 15 minims 

1 1. 10 oz. 


Because of the erratic l)ehavior of persulphate reducers, it is best to make up this 
solution just prior to use. The quantity of acid controls the rate of reduction. 

When the desired degree of reduction is attained, immerse the film in an acid fixing 
bath for several minutes and then wash in clear water. If the action of this reducer 
is too vigorous, the rate of reduction may be decreased by further dilution. 

Harmonizing.—’A corroctiye treatment which stands midway between intensifica¬ 
tion and reduction is the process commonly known as “harmonizing.” Essentially 
this process carri<^s out intcuisification of shadow detail without affecting the high 
lights or reduces the high lights without altering the shadows or lower densities. 
This method is useful in treating highly contrasty negatives or negatives which have 
been undenixposed iind overdeveloped. 

The negative is first blc^uched in a solution consisting of 


PotasBuirn bichromate. 8 g. 1. ojs. 

Hydrochloric jKud (concentrated).. G cc, 0.75 

PotasHiiiin lironiidc. 5 g. 0.6 oz. 

Water to make. 11. 1 gal. 


When t.he iiogalivo has Ixnm completely l)l<)a.<‘.hed, it is redeveloped in a dilutci 
dcvck)])er euunposeul of the; following: 


Klon (nuiiol). 2 g. M oz. 

Sodium Hulphiti^ (dcHiccMitfMl)... 10 g. 1^4, oz. 

Sotliuni (uirbonal.(» (dcHifU’.ated) . 10 g. \ yi oz, 

Wat(u' td) iuiik(‘ ... 11. 1 gal. 


Redeve'lopinent of from 1 to 2 min. results in superproportional reduction of the 
higher densilicis, but proportional intensification of the low va,lueH of density. After 
bleaching, tln^ negative is imnuu’seal in an acid fixing l)ath for 5 min., washed in clear 
water, and drieul. 

Local Intensification and Reduction.—-So far consirleration has been given only to 
general inttm.sifie.nf.ion and reduction of the enf ire negative. In some cases, however, 
it may be desinxl to intensify or reduces portions of the lU'gative without affecting 
other portions. Treatment of a. portion of the inigat ive is calhul “local intensification” 
or “local reduction,” and this may be highly ust'fnl in bringing out certain shadow 
details or in reducing f.he demsity of a high light. 

Local intensification or nnluetion may be carried out by applying the proper 
solution directly to f lu^ n<^ga.tive by nunins of a soft carncl’s-hair brush. If fairly largo 
areas must be treated, tufts of absorbent cotton sat.uratcid with the solution may be 
preferred to the use of a soft brush. If the negative has been dried, it should be soaked 















560 


HANDBOOK OF PHOTOGRAPHY 


in clear water for 10 or 20 min. before attempting to apply the solution. The negative 
should be moist for this afterwork, but should not contain too much water. Best 
results are usually obtained when the surface moisture has been removed by means of 
lintless blotters or sponges. 

If care is taken with this method, few difficulties will be encountered. In order 
that the desired intensification may be obtained, it is preferable to choose an intensifier 
which does not stain appreciably. It may be desirable to dilute the intensifying or 
reducing solutions to prevent too rapid action and to keep the treatment completely 
under control. The main difficulty with this method of correction, especially for the 
inexperienced, is one of keeping the applied solutions from spreading to uhdesired 
portions of the negative. This difficulty may be reduced to a minimum by working 
over small areas and by removing the surface water from the negative. 

Yellow or orange dyes or well-diluted water colors may be applied to portions of the 
negative for local tone lightening. These colors should be applied with a moist, 
rather than wet, brush, and only a small amount of coloring should be added at a 
time. The surplus water should be removed as soon as the desired area has been 
treated. Through the use of successive applications, the density may be built up to 
the desired amount. A disadvantage of this system is that it is difficult to determine, 
by visual inspection, the degree of photographic intensification which has been 
obtained. 

Intensification may also be carried out by darkening the negative with lead or 
lithographic pencils, although this process is, perhaps, more pi’operly to be regarded as 
one of retouching than of intensification. 

A simple method of intensification which does not involve treatment of the pai’tic- 
ular negative may be effected by making a duplicate negative with a higher scale of 
density than the original. Intensification may he carried out in the making of the 
positive from the original negative and again when making the final negative. 

The use of a duplicate negative, having a lower contrast than the original, may 
also be used for reduction. 

'A simple method of redxiction consists of removing some of the silver through the 
use of an abrasive reducing paste applied to the imago on the negative or through the 
application of an abrasive pencil or rubber eraser. 

The contrast of a negative may be reduced by practically any desired degre<'i 
by printing from a negative a positive transparency, and binding this positive mask 
with the negative. The mask may be made on sensitive material on a slow film or 
plate and may have low or high contrast, according to the degree of masking, required. 
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CHAPTER XIX 


DARKROOMS AND DARKROOM PRACTICE 


Bt Keith Hennby 

General Characteristics of Darkrooms.—The darkroom is the photographer’s 
laboratory and as such deserves special consideration with regard to (1) size, (2) 
la,yout aiul location of apparatus, (3) location, (4) lighting, (5) ventilation, (6) treat¬ 
ment of walls and ceiling, (7) temperature, humidity, and dust, and (8) water supply 
n,nd drain. 

Size .—The dimensions of the dai’kroom will depend on the space that is available, 
on the nature of the work to be done, or on the financial or mechanical ability of the 
photographer to make his laboratory exactly what he wants it to be. 



Fl(i. 1..Layout of darkroom for phot.ofiiiishiiijL!; plant. 


Although it is i)robiil)l(^ that no <la,rkroom wa.s ('ver too la,rg<^, a rambling place with 
apparal-UH at opposite ends of tlu^ room is more: (iring and tinu' c.onsuming to work in 
than a. snudi ))ut w(ll-a,rra.ngod room. Many a.ma,(,('urs acc.omplisli tannarkable work 
in small closets, in l ln^ bal-hroom or ki(.elnuHd.t.c^ of a, small apartincml., or in a, corner of 
the* haseiiumt. TIi(‘h<^ workshops must be (;ousidered as distinct Inuidie.aps to the 
s<‘rious \vork(‘r, although, pcn-foiaa’i not hing mmdi <a-ui b(^ done about, it. Bliotography 
with t.h(^ miniature (aiima-a., of e.ourse:, recpiin's much h‘ss spaiui t.lnui work with largo 
plat.(%s or tilms. 

A large (‘.omm(U’cia.l studi(J may havt^ s<’:veral darkrooms, or s<w(a'a.l divisions of a 
main laborat.ory. A small darkroom (loa<ling room) is frcupuMdly phunal m^xt to the 
exposing studio or gallery s(} tha.l. {)la.l(^l»ohU'rs may b<; Inunhal t.o tlu; <*.jim(a-aiuan 
through sonui sort, of lighttight (utbiiud.. 'Idiis loading room mnnl not be large!, but 
it should not be a, part of the pla,c<^ wIu'H' nega.tiv(\s an! ch^vt^lopt^d or print.i'd, if this 

btU 
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separation is possible. Neither should the loading room be part of a room where 
chemicals are stored or are mixed. 

Whenever possible, a room at least 10 by 10 ft. should be available, even for 
amateur activities. 

Layout .—If a single room must suffice for all operations, it must be carefully 
planned and arranged. The layout should be flexible, however, since no one can tell 
in advance of having worked in the darkroom exactly how and where the several 
pieces of equipment should be situated. After the room has been in service lor a time, 
the photographer may wish to reorganize it so that he may work with greater" case and 
efficiency. 

Sufficient space, and proper arrangement, are vitally necessary to the photographer 
who will make color prints. More equipment and more chemicals will be lUicded. 
Every facility must be provided the worker so that he does not waste material. 

A dry place to load film or plateholders is essential. It should be as far from th(i 
sink as possible so that no drop of water or chemical can fall upon and ruitr an impor¬ 
tant negative. Chemicals should not be stored, weighed, or mixed in the pro(;essing 
room. Dry specks of chemical are sure to fall upon the workbench, later to be lilowii 
into the air and perhaps to settle on a wet film or plate. 

If possible, sensitive materials should be stored somewhere else than in the proc;- 
essing room. Because the processing room tends to be humid, plates, films, and 
papers tend to deteriorate unless pains are taken to keep thcni free from moistunu 
The layout should be such that an easy flow of work can take place. 

Placement of the Darkroom .—Because of the quantities of liquid (‘xpostul to the air 
in the processing room, this room tends to bo damp. If, at the same time, it is (uyohu* 
than the surrounding rooms, moisture will condense from water-lu,d<m air (uitering 
from warmer rooms. For this reason the basement is a poor place for a (la,rkroom. 
The surrounding earth keeps the room cool in summer, and it is tlum that most 
trouble is had with humidity. Wooden apparatus is likely to swell and stick, nu'tal 
parts to oxidize, and sensitive materials to mildew. 

The operator of a commercial studio has greater {!hoi (!0 of a propc^r phuu^ than has 
the amateur and can locate the processing rooms on the first or otluu" floors a.l)ov<^ t he 
level of the ground. 

The attic is hot in summer and cold in wintxu" and may be far from sources of 
water or from drainage. 

The first or second floor of the house is the ideal place for the amak'ur’s darkroom. 
Here the workroom is easily heated, drainage is sim[)le, and water <%'in usually bc: liad 
without too much trouble. Wherever placed, the darkroom must be; a.bov(^ t lu" drain 
pipes for the house. Otherwise trouble may be experienced in disposing of waste 
liquids (see Water and Drain, page 564). 

Lighting .—It is a mistake to paint the darkroom walls and c(Mling or Ixmches in 
dark colors. A light green or buff color will bo easy on the eyes and umhu* safe-light 
illumination will enable one’s work to be viewed much ea.si(w (.ha.n if t.h<^ walls and 
ceiling are black. Under ordinary illumination (not safe light) tlu" phot.ograplu'i" 
should have as much light as he can conveniently get into the room. Prints shouhl Ix^ 
viewed by illumination by which they will finally be judgc'd. A print t hat is l.o b<^ 
looked at in daylight, should be criticuzed by the photographer in that, light , or as mair 
as he can attain it, befoi’e it is ternual finished or ready to bci rel(‘as(Ml. K<‘verat hun¬ 
dred watts of incandescient “daylight” illumination a.i"e not t.oo much, part.i<ada,rly 
if color printing is part of the photographer’s work.' 

In the darkroom there should be numerous outlets for ('hadriculy. More' outlets 
should be installed than seem necessary. All will be used at some* t ime or ot h(‘r. A 

1 Recent introduction of fluorescent lamps has provided the photographer with an excellent soiirco 
of illumination which is very efficient and which has characteristics approaching daylight. 
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consistent scheme of switching should be employed, e.g., snap switches for safe lights, 
push switches for general illumination. Then in the dark, there is little chance of 
turning on the wrong lights. A still safer system is to make it necessary to insert a 
key into the switch that controls the general illumination; but the trouble with this 
is that the key may be lost, xinless it is permanently attached to the switch in some 
manner. A foot switch controlling a light used for inspecting a print, frees both 
hands for rocking a tray, etc.. 

Special paints are available for darkroom use. For use on trays, benches, sinks, 
etc., these paints should be acid and alkali resistant, and light in color, Kodacoat of 
Eastman Kodak, Larkaloid of Larkin Co., Tornesite of May Products Co., and Pliolite 
of Pratt and Lambert are recommended. It seems to be extremely difficult to get a 
paint which certain developing agents will not stain, but frequent painting will assure 
that benches, etc., are kept clean and in good condition. 

Ceilings and the upper parts of the walls may be painted with a light buff or 
green. Equipped with an indirect illumination scheme, the light-colored ceiling will 
contribute to general illumination which will be much better than that secured by 
directly illuminating the object to be inspected by rays from the safe light. Lower 
parts of walls, likely to be touched with wet hands, may be painted a darker color and 
with a paint which may be more stain resistant. 

Ventilation .—It is highly important that those who work in a processing room be 
provided with a copious supply of fresh air and that stale and noxious air be constantly 
withdrawn from the I'ooin. Since the room must be abso¬ 
lutely dark at times, this ventilation prolilem is serious in 
the small darkroom, ^ilthough the commercial establishments 
have the funds and facilities for doing a thorough job of 
ventilation. If a vent is cut at the top and at the l)ottom of 
the walls of the darkroom and if these vents are propei-ly light- 
trapped, a circulation of air will tak(^ i>laee, the warnuu* air at 
th(> top leaving tlirough the iippcr vent, and the cooler air 
coming in at the bottom. If sufficient (urculation does not 
take place naturally, a fan may he installed to force air out 
of tlie room. 

hlaHtnmn Kodaic Oo. and others provide sinqjlc l)low(u*s 
which may b«^ installed in the wall and which provide; a con¬ 
stant and sufficient clmngc; of air for darkrooms of various 
sizes. Cl<‘r(; citees a Fnandi law recpiiring 10 <;u. meters of fresh 
air for eatdi person working in the laboratory, the air to lx; 
compl(;t(;ly cha.ng(;d a,t reasonalelc int(;rvals. 

Temperature and flamiditi /.—Idle darkroom should lx; maintaimMl a,t, a temp(;ra,- 
ture of 6.') to 70°. The la,tt(;r is a <;oinr<)rtal)lc working temperature, and any tempera¬ 
ture; within this range is satisfa.ctory for proccissing of all kinds. It is difficult, however, 
to maint:i,in a, darkroom at a (;onst.ant and desirable temporal.ure without special 
('fforts, whiedi are usually l)(;yond tlx; tn(;a.tis f)f a.ny hut tlx; larger estahlishnx;jits. 
If (lx; darkroom t(‘mjx;ratur(; is outside tlx; range 65 t.o 70°, tlx; ]ihotogra,pher is dis- 
t.in(;(,ly ha.rxlic,a.pp(;d in doing cojisist.enlly good work lx;(;aus(; he must <;ngag(' in a 
c.ons(.a.nt, struggh; t.o ma.iid.ain his solut.ions above or below t.lx; a.ml)it;nt t.emp(;raturc. 
Develop(;rs for pajK;r priid.s should not vary nnx;h from 70“ for best, r(;sul(s; lilnis a.nd 
plab's will dev(;loi) to difr(;r(;nt cont.ras(,s uid(;ss the t<'nn'x;rat.ure (a.nd str(;ngth) of the 
<lev(;lop<;r is a.Iways the saiix,;. 'riiis is pa,rti(;ula.rly important (,o tlx; worker in color 
])hol,ography wdio is rac<;d with tlx; problem of m.a,king three n(‘ga.(.i v<;h wit h (-xact.ly 
the sanx; c.ontra,st: virtua,lly an iitipossible task if the developer cools or Ix'ats uj) dur¬ 
ing the development period. 



Fig. 2. - - T j i k h t-1 r a p pctl 
ventilator. 
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It is easier to warm the darkroom than to cool it. Warm air may be taken from 
surrounding rooms; or electric, gas, or hot-water heaters may be utilized. Open 
flame is dangerous particularly if much nitrate film is used. It must be remembered 
that warm air and water rises and that, if the darkroom is on the same level as the 
furnace or heat supply, it may be difficult to force heat into the room. 

Refrigerating systems are available for the commercial plants. The best com¬ 
mercial plants are not only heated but air conditioned. Suitable equipment is 
described by Crabtree and Matthews.^ 

If miniature camera negatives are to be processed or if color photography is to be 
done, certain other requirements must be met. Miniature negatives are frequently 
enlarged as much as ten to twenty times or even greater. The slightest flaw on the 
negative, such as scratches, dust spots, or finger marks, are enlarged to the same 
extent as the desired image and often form the practical limit of successful enlargement. 
Negatives marred by scratches or with dust or lint will produce prints which 
may require considerable time and labor in spotting. 

It is necessary, therefore, that the darkroom worker who is responsible for minia¬ 
ture film processing take extreme precautions to deliver clean negatives to the printer; 
the printer also must work in a clean and not too dry atmosphere. Greatest trovible in 
enlarging miniature negatives occurs on cool dry days when it may become practica,lly 
impossible to place the negative in the enlarger without getting it covered with dust 
or lint floating about in the air. 

Air coming into the miniature processing room should be cleaned if possil)le, and 
if the room itself can be maintained slightly humid, dust troubles will be lessened. 

Certain color processes may require rooms of given temperature range and of given 
humidity. These requirements practically force the photographer to install air- 
conditioning equipment. 

Water and Drain .—Hot and cold running water are essential. Hot water is 
necessary for carbro and wash-off color printing and for certain print toning operations. 
It is useful in maintaining solutions at temperatures above the ambient. Cold water, 
of course, is absolutely essential. 

There must he a drain to the sink. This makes it necessary for the da.rkr()onv to 
be above the level of the drain pipes in the building, or it will be nee.essa,ry to i)rovide 
a separate drain for waste water and solutions. One expedient is to place a hirg(^ 
metal tank, e.g., an oil barrel, in the ground below the darkroom lev(^l. If th<^ tank 
is equipped with pipes or vents running into the surrounding eaith—from which there; 
must be good drainage—^it will serve as an adequate disposal arrangenuaiit. Such a 
waste disposal device may bo against the sanitary laws of the community, howovew.''* 

Several faucets should l)e provided, or other arrangements should be made so f.hat 
the water may be utilized at va.rious positions. Most city watou- is flirty and is c.on- 
taminated with organic niattcn- and iron rust from pipes. The wa,ter, th(U'(vfort', should 
be filtei'ed before mixing solutions or washing films. This can be done by tying s(W(u-al 
layers of cheesecdoth over the end of a hose attached to the faucet; or by running th<^ 
water through felt. CominendiLl filters for this purpose are available. 

It will be an aflvauitage if the floor is smoothly (cemented, sloping to a drain in tln^ 
center. Oveu' tlu' (aumuit nuiy b<‘ phuH'd l)oards which may he removed ofrcasionatly 

^“Photographic Chemicalis and SolutioriK/' Aiu. i^holograpluc Pub. (U)39). A coiiHidfuabh' 
quantity of valuable data will he found in “Motion Picture Laboratory Practice," Eastman Kodak Ch). 
(1936). 

^ The author has used a 50-gal. tank of this typo in a small color laboratory for over a year. The 
quantity of waste water at any one time is not very great and on Long Island, where the darkroom is 
located, the soil is sand and glaciated gravel having good drainage. It is necessary to have an air vent 
in such a tank, however, or water will not run into it. 
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for the purpose of flushing the cement with a hose. The wooden overcovering will be 
easier to stand and to walk upon than cement. There is the additional advantage that 
beakers or graduates will not break so easily if dropped upon wood as if dropped upon 
cement. Linoleum too is easier to stand and walk upon than cement. A layer of 
air between the cement and the wooden decking will keep the feet warmer if the dark- 
I'oom tends to bo cold. 

# 

Darkroom Equipment. Safe Lights .—There is no truly “safe” light. Lights in 
the darkroom arc only relatively safe. The commercial devices known as safe lights 
are sate iii that materials viewed under them do not fog provided they are not held too 
close to the source of illumination nor for too long a period. The “safeness” of such 
sources of illumination depends upon their intensity and upon the color of light 
tunitted. Ordinary l)lue-sensitive films or papers may be viewed under a generous 
amoiint of red or orange illumination; the more sensitive materials, however, must be 
handltKl with greater (uuition. They must not be exposed to red or orange light for too 
long a period. The more sensitive the material, the less exposure to the safe light will 
be required to produce fog. 

Orthochromatic materials should Ixi processed under a red light which is quite 
dim if the materials are highly sensitive (fast films or plates). Panchromatic materials 



Fig. 3.—Transmission churacioristic of OA and O filters and rosiiouso of Velour Black paper. 

an; sensitive' to all (colors and must bc^ processed in darkness or with the aid of a very 
dim green lighti. Tlu^ rcjison for choosing green lies in the fact that t,he eye is mor(^ 
s('nsitivt^ to gn'cu than to nxl and t.ha.t t.his dilTtu-c'iice in favor <,)f gnuui increases as the 
int<msity of illumination is d(MU'<?a.s«‘d. Ortliochromatic films a,re very sensitive to 
gn'cn, but not. to re:<l, and for (his reason a. panchromatic green safe light should not bo 
used in j)ro<a‘ssing ort hochromatic ma,t(!rials. 

If a. 25-wa,tt. lanq) is used in a. VVrattcjn safe light or a, l()-wa,tt hunp in an Eastman 
sjife light, no fog should b(^ producasl o!i (,h<> mat(‘ria.l for which the saf(^-light filter is 
desigmul, provided t he; matcu'ia.l is <*xi)osed no cU)ser tha,i» 3 ft. for a period of 30 sec. 

U('d bulbs, whi(di an^ (*heap(‘r than safe-light. (ilt(u-s, ani nin^ly saf<\ They must be 
us('d with c.ousid(‘rabl<‘ ca.idion to avoid fogged film or i>aper. 

An ('hx'f.ric- coil h<'a.(.('r (mulling vc'ry lit tlc' light, will fog bromide' {)a,per if h<^ld too 
clos(‘ to a, t ray in which l,h(( i)ai)(U‘ is beingMh'vc'lojx'd. 

’'Fhe (U’it.erion of the bc^st saf(( light fora giveui s<mKitiv(' mat,('rial involves the spec¬ 
tral s('nsitivi(y of t.lu' uia.(.(U’ial, t.h(( sixadral (.ransnussion of t.b(( saf(i light, a.nd tlx^ 
physiologicial charac(.('ris(,i((s of t.ln^ ('ye;, 'rix' following data. t.ak('n from tlu' Deferuler 
I'radr Bulletin, H('i)t.(‘mb('r October, 193.S, ar(( (X)nc('rn('d with Defi'iuUu' V(dour BUu'k, 
a. projection pap('r. 

'rh(' (iu(\st ion may Ix' a.sk('(l, vvhi(di is bel,l.('r for t his ixijx'r, a, \Vra.tt.('n OA (gn'cnish 
y('ll()vv) or a, VVra.t.t.('n O (bright. orang(d, with lamps of (xpial wat,tag(^ Ixdund them. 
d’h(* S(U‘ies O is much bright(U' than tlx' OA and prodmu's moix; fog. If, howevcu’, tlu' 
dist.amx'S are adjus(.(*d so that, (xjual illuminatioji is s('cur(al on thci pa[xn-, tlu' OA is 
less saf((. 'This may be: jnoved froni (.h(( spectral (diaracterist ics of tlx' safe light and 
the pa.ixu-. Note tliat in the; OA t he fa.r rtxl is elinunated but t hat th(( O safe light 
transmits in t.his n'gion. 
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Physiologically there is an advantage in the OA even if it is adjusted, by distance, 
so that it gives less illumination on the paper. Contrasts appear greater in red light 
than in yellow or green. The apparent contrast of a print under the yellow-green light 
of the OA is more nearly the contrast under daylight than if the series O is used. 


Fiu. 



4.—Safe lights to be used with Eastman Kodak papers 


• +1 V<il<)ur Bla(;k, or any proj<Hd,ion papoi- which has a.ny staish i vil y 

it is hotter to work in the yellow-gn'en liglil of O,',* 
Written OA safe liglit, even if tfie illumination is Ic^ss than with th(‘ sen-ies C). 

Trays and Tanks—Tvixya are universally employed for dcwa-loping prints and 
are very often used for processing negative materials. Trays may lx; ma,<l<‘ of st(-<d 
w ich has been enameled, or of stainless steel, hard rubber, glass or pyrex In enuu-- 
genems kdchen dishes may be employed. If need arises for a tray Of special si.e 
or dimensions, it may be made of wood (or heavy cardboard) coated with a thic.k la'p-er 
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Agfa 

No. 

Wratteu 

Series 

Color 

Use 

105 ' 

GO 

Yellow 

Contj^ict printing papers 

104 

O 

Orange 

Enlarging papers, lantern slides 


OA 

Yellow-green 

Same as O; better for judging contrast 


1 

Red 

Ordinary films and plates 

107 

2 

Dark red 

O r th oclii r orna t i c mate rials 

108 

3 

Dark green 

l^anchromatic materials (slow) 


of wax, or given .several coats of c.orro.sion-re.sistant paint, each coat being dried thor¬ 
oughly before the next one is applied. 

Lnaitieled trays will chij) it dropped on a hard surface; glass and hard rubber trays 
will break if similarly di’oppcul. On the other hand, acid does not attack hard rubber 
tiays while it will attiack enameled metal trays if a slight break in the surface 
material octeurs. Lnaniel will be stained by certiain developing solutions or by dyes 
used in iuorda.nting prints. These stains may be removed, however (see page 668 
for tray-cleaning solutions). 

When any apprecial)le number of films or plates are to be processed, tanks of the 
si^<' Ill’ll usually mnjjloyed. Those may be made of metal or nonmetallic 
materials. Slots are placiid along the side into which the plates slide, or the materials 
are plac.ed in hangers wliich are larger enough not to slip into the solution when laid 
suu’o.ss the top of f.he ta.nk. In tlu! average laboratory it is probaVile that solutions 
kei^ti in tanks will Ixi allowcid to luMiome exhausted more often than if tray proce.ssing 
is tlone, beiauiso ol t he liotlii'r of (leaning the tanks and mixing up new solutions. 

Obviously ( lu* sizi' of tra.ys or tanks will depend upon the size of materials to bti 
proces.sed. Two sizi's of t.ray will HuOice for genera.l amateur work, a set of sniall ones 
for negaf ives, u{) to 5 by 7 in. and a, set of large trays for 11- by 14-in. prints. A tray 
lor a.n 11- l)y 14-in. print must have an inside dimension that is hirger than 11 by 14 
il it is to bei usc'd sue(u‘.ssfully. 'riui following ta.l)le will indi(;ate the dimensions that 
have l)een lound us(.4’id for makitig prints of various siz(\s. 

Taiilio II.~Puint and Thay Sizes 


Over-nil Tra.v 

III, 

-1"h X (K-4 

r> ! .i X 7;> ^ 
7'1 X OJ-i 
K-'tt X 10?^ 

I ();»,, X I a? ,' 
i--’Ih X ir,.!.,; 


Ntiunl.iv<^ or 
I’riiit Size, in. 

4 X () 

5 X 7 
7X9 
8 X 19 

10 X 12 
1 1 X 14 


'^Pujiks for UH(' witli ininijvl ur(‘ films (35 min., ) dilTin’ in consinic.tion^ mitunilly, 
from fliii, tnriks us(m1 for (‘u(, films or jikiii^s. ''rin^V n,r(^ of two tyfXNS. In oru’; 

t h<‘ film is t into slots in n. composition (Inird rid)l>(n-, l>nk<^!il.(% (d<*.) moldiHl 

form. ''Phis opi'rntion imisi- lx* done in (Jh^ diirkroom. nu^l is them phuxxl in tfu^ 

(.Jink, ji i|i;li(. lid is jiflixiMl jiff in* whicdi llu^ l.jink nniy Ix^ tjikim out. into ordinn-ry 

dayli^’lit,. In ( li(‘ ot fx‘r tyix‘ film is pljiccal on jiri ^‘jr[)r()niinuk' of <*<dluloid, soft 
ruhlxu', or ot li(‘r mjit(a*ijil whiidi (ii.s into t.hi’; l.jink, A nn^t.al ta.nk will (dninj 2 ;<^ t(un- 
{X'-nituro in jic.cordjiiua^ wit.h tlx^ jimhicnit, so thji.t (airo must l)o c^xercisixl in 

mjiint.jiininfj; its t.mnix'rjituro whik' iinxa'ssinf*; is tjikinp; [)lji(x\ Tlu^- l)c‘ikolito tanks do 
not t.nuismit. tcinjxu’jituro ch:uig<\s so ojisily, nnd, if tlio solution is placed in tlu'. tjink 
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at the proper temperature, it will remain so for a reasonable period. Rubber or 
bakelite tanks will break; metal tanks will dent if dropped on a hard surface. 

Certain small metal tanks for plates or films have tight-fitting covers, rubber 
gasketed, so that the tank may be inverted during development insuring that the 
solution is properly agitated. They may be fitted with spigots and filling spouts so 
that only the loading need be done in the darkroom. 

Large tanks for photofinishing and motion-picture processing are best purchased 
from manufacturers specializing in this type of equipment. They may be made of 
wood, steel covered with thin soft rubber, earthenware, etc. 

Tray Cleaners .—Trays frequently become discolored from silver and dye or from 
the oxidation products of developers. Two formulas for tray cleaners are given below. 


Tray Cleaner (Eastman TC-1) 

W atei". 

Potassiu m bichromate. 

Sulphuric acid (pure concentrated)... 

SiLYER-STAIN ReMOVER (EaSTMAN TC~2) 

Water. 

Potassium permanganate.. .. 

Sulphuric acid (pure concentrated).. 


. , . 32 

oz. 

1 

1. 

... 3 

oz . 

1)0 


... 3 

JPl. oz. 

1)0 

ce. 

32 

07 a . 

I 

L 

73 

Kr. 

r> 

PC- 


draiiLS 

10 

co. 


Add the acid slowly to the solution while stirring the solution rapidly. 

Pour the solution into tray and swish around so that all tray part.s arc: coveretl. 
Then rinse and use the following: 


CLBA-RnsTG Solution 

Water. 

Sodium bisulphite. 


S2 oz. I 1. 

145 Kr. 10 K. 


Wash trays well after applying the clearing solution. Acid dyes as used in imbibi¬ 
tion color printing may be removed from trays by the nse of ammonia. 

Sinks .—The sink is a most important part of the darki'oorn equipment. It should 
be centrally located so that no unnecessary steps must be taken to get to it. from any 
part of the darkroom. It must be large enough to accommodate the largest, trays iti 
the laboratory. It should be so constructed that a portion of it may be blocked olT 
with a weir which divides the sink into two portions, one containing tin’; drain and the 
other either without a drain or fixed with a good stopper. In this manmn’, water a t i.lu': 
proper temperature may be used in one portion while access to the drain i.s available 
in the other portion. 

Sink materials may be wood, properly treated, stonewanq h^ad-lined wood, or 
porcelain. Wooden sinks are not expensive to make. Cypress or rmipb^ may l)(^ 
used. Individual pieces of the wood should be tongued and grooved and tlum hehl 
together with strong bolts or braces. The inner surfaces which come into c()nt.a,(it 
with liquids should be given several coats of a corrosion-resistant, paint Ix^fore Ix'ing 
used. Each coat must be allowed to dry thoroughly l>eforo the ne.xt is a,ppli(xl. If tht? 
paint is light in color, it will probably stain, but will reflect light from the ov(wheatl 
illumination and ciontribute to the general illumination. 

A rack should l)e arranged to 1)0 moved about over the top of t.lu' siuU .so t hat t rays 
may be placed upon it with the certainty that liquid slopping out, will fa.!! into tlx^ sink 
and be disposed of through the drain. Shelvcis back of th(^ sink should Ix' (bx'p ('uough 
so that bottles cannot fall off into the sink or into trays of solution. 

Another uselul adjunct to the sink is a float in which trays may lx.: placed ami 
supported in a water bath of a recpiired temperature. Such a boat may Ix^ made of 
wood in which a I'ectangular space has been cut of such a size that the overhang on 
the tray top will prevent the tray from falling through into the sink. If, tlnm, one 
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portion of the sink is filled with water at some desired temperature, while the weir 
blocks off the remainder of the sink (the portion containing the drain) the tray of 
solution may be floated in the larger body of water while the drain is available for 
waste disposal. 

fetone or eaithcnware sinks sliould be covered with a material which is softer than 
the sink itself s<) flin t beakei’s or other glassware dropped on it will not break. Rubber 
maf'S, flooi inaliS, or door inal.s ina,y bo usedj linoleum or asbestos is satisfactory. 

7 hcrniotnciri'N, and 11 eighing Scales. —Metric, system weights are to be preferred, 
although avoir<lupoiH weights are satisfactory. Most formulas are now written in 
both systems. In a small studio a maximum weight of 3K oz. (100 g.) will probably 
be emmuntered and so the smallest studio scales may be employed. Scales for larger 
laboratories must, naturally, weigh greater quantities of material. Scales capable of 
nusasuring up l.o 25 lb. may bo placed upon a shelf or tablej scales for greater quantities 
exist in the form of platform scales. 

The pans of a laboratory scales should not be permitted to touch any of the chem¬ 
icals j a piecic of paper should lx; pla<!ed upon the weighing pan and counterbalanced by 
a siitiilar piece on the other pan. If tlie scales are kept in a damp darkroom, the 
wooden base may swell, the metal parts ta.rnish or become covered with verdigris, and 
the bearings may b(;(;ome so dirty that accurate weighing is difficult. This is another 
reason why tlu; w('ighing of clu;mi(;als and the compounding of formulas should not 
bo done in the proc(;ssing room itself. 

It does not matt<;r imudi wh(;tlx;r thermometers are calibrated in Fahrenheit or 
centigrade. Probably most American and English workers are more familiar with 
Fahrcmheit and ha ve a, l>(;tt('r idea of the; variation caused by 1° difference in tempera- 
tui'(; in this syst(;m than (;(;ntigra(le. Mtvtal thermometers have a bad habit of tarnish¬ 
ing so that th(; (ailibration is hard to see; they also peel off in thin layers of oxide. 
CJIass th(;rmometers whicdi an; also us(;d as stirring rods frequently lose the paint in 
which th<; calibrations art; inark<;<l, making it most diffitmlt to read the temperature 
scale in the semilighl. of tlu' darkroom. 

The W(;stoii typ<' of th('nuom(;ter (;onsisting of a long thin metal rod with a dial- 
typt; indicuitor at l.lx; toi) tltxts not se(;m to c.orrode; the a,ction is remarkably fast, and 
tlu; dial is <;a.sy to reatl. I(. is inclitutd to lx; top heavy, however, and, when placed in 
a (.ray which is rockt'd or tilt(;d, lias a tend(m(;y to roll around and get in the way or to 
roll out, and bn^nk. 'Phe '‘cryst al ” glass cover over tlx; dial is heavy but it will break. 

Darkroom Practice. Flow of IPorA;.—If (,lu; darkroom is properly arranged, work 
doiu; t.lu'n; will (low ('asily from oru' s(ag<; (.o a.nother. ffor (;xa.mple, sensitive paper 
should no( ha.v<' to Ix' mov('(l over a. ( ray of d(;vclopcr to be phicetl in a printer or under 
an (mlargcr. I n a. pho(.o(inishing (;s(.al)lislimcnt ( his <;v(;n and (;a,sy flow of work is very 
iinporlaiit so (,ha( opc'rators do not g<M. in (;a.(;li ot.h(;r’s wa,y. Operations which may be 
c.a,rri(;d oul. in full illumination should lx; ('x<;lud('(l from the j)ro(;essing la.bora.tory if 
possible, so lha(. full a,dva,n(.ag<' of b<*((.(;r working c.onditions (lx;tter visibility etc.) 
(;an lx; u(.iliz(;<l. 

If (lu; pho(.ogra.{)hcr works ovil. a. st.a.nda.r<liz(;d method of proc(;dure, he will find that 
h(; will [iav(' h'ss was(,<‘ and ( hat, his work will lx; l(;ss tiring. '^Plius d(;veloping, rinsing, 
fixing, washing may iiroctxxl from lcf(, (,o right (or vic.<; v(;rsa), and tins should be 
standardi/xMl no mat t.c'r wlu;( hcr il is (ilms (.hat arc b(;ing d(;velop<;d in absolute dark- 
iu;ss or wlu'thcr prints arc; Ix'ing proc<;ss<'d uml(;r a,ppr(;<*.ia.bl(; illumination. 

M(lintcnanrc of 'I'rnipvraturr. If tlu; darkroom is warm<;r or (;ool(;r t han the desired 
solution t<;mpcra,(,ur<', flu* pho(ogra.ph<*r must, t.alo; st(;p.s to ovcn;ome the progressive 
(dumge in solution t(utipcratun'. Tlu‘ simj)l<'st m<;t.ho(l is to lloat a. tray containing 
t he solution in a. la,rg('r tray (ilhxl wit h wa.t.(;r of (lu; rcxpiircxl t<Mnp(;ra.ture. by nu;a.ns 
of a mixing faiuxd. in which <;old a,nd hot wa.t(;r ma.y Ix' brought to the de.sirecl t(;tn- 
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perature, the water in the larger tray may be held continuously at the required tem¬ 
perature above or below ambient. 

If cold water is not available in the summer, or warm water in the winter, recourse 
must be had to ice, or to water heaters. Ice should not be placed in the solution itself 
because it will dilute the solution as it melts. It must be realized that it will be diffi¬ 
cult to maintain a tray or tank of developer at a desired temperature by the use of icie 
packed around the solution, and that only a cooling effect may be secured. The 
temperature of melting ice is 32°F., and a tray floated on melting ice will tend to attain 
this temperature. 

To heat trays or tanks of solution, electricity may be used. A tray may be placed 
over a metal-topped box (or a portion of the workbench with a cut-away portion over 
which is placed a metal plate or sheet). In the box, or below the cut-away portion of 
the bench, may be placed electric lamps which are turned off or on as the c'.oiulitions 
require. They may be controlled automatically by means of a thermostat placed in 
the solution to be maintained at a given temperature. Cheap bimetallic strips can 
be purchased and often serve very well for this temperature-inaintenanccs 
purpose. 

It is easier to heat than to cool a solution. Therefore it is a good plan to surround 
a tray with melting ice which is raised in temperature by electricity. (See data on 
floats in paragraph on Sinks above.) 

Timing Photographic Processes .—Many timing devices, mostly clocks, are on tho 
market. Equipped with a large second hand, they enable the photographer to time 
accurately any process not taking place in absolute darkness. Some timers ar<i 
equipped with an alarm which warns the worker when a certain time has elapsed. 
These are especially useful when the worker is processing panchromatic materials in 
darkness. 

If exposures of only a few seconds are required to be made in darkn(\s.s, e.g., in 
making color-separation negatives from color transparencies, a u.soful dcwice is ono 
which automatically turns off the exposing light at the end of a certain period. Th<^s(^ 
devices may be based on one of several principles. 

A synchronous motor may revolve a contactor through a series of (u>g whei'ls. In 
general illumination the contacts may be moved to such a po.sition f,ha,t the (^xpo.suni 
will take place for a certain number of seconds; then the sensitive mat(a-ia.l i.s pla.c.(‘d 
in position in darkness, and a switch is thrown which will start the motor and at t lie 
same time turn on the exposing lamp. When the motor has rotat(Ml tlu^ contacl, 
wheel a certain number of degrees, contact with the light source. i.s brokiuj, and tlui 
exposure is ended. 

Other devices are electronic in nature, using vacuum tubes. In this ca.s(i tlu' fundn- 
mental principle is the charge and discharge of a condenser which is in tlu^ grid cire^uit 
of the tube. The rate at which a condemser charges (or discharg(!s) is a funct.ion of 
the resistance in series or in parallel with it. A certain coml)ination of r('sisl.a.n(U^ 
and capacity may be chosen which will keep the grid of the tube ovcirbiased for n, c.er- 
tain period of time. At the end of this tinie tho charge in the condenscir is di.s.sipa,te<l, 
and the grid draws current which is reflected in a current in tho plate circuit of t,h<^ tulxu 
In this circuit is an electrical relay whose contacts control tlie illumination by whicdi 
the exposure is made. These electronic devices may be made to hohl a circuit cIosckI 
(or open) from a fraction of a second up to 1 min. or more. In general tlu'v a.r<^ h^.ss 
stable and accurate over a period of time than a purely mechanica.l contactor tiimu- ns 
represented by a synchronous motor. 

The cheaper synchronous-motor units have a tendency to sta.ll. A loud buzz 
indicates that the motor has stopped (or a relay in the unit has struck or i.s 
chattering), with the result that the exposing light does not turn off. 
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Accuracy in Compounding Solutions .—Errors or inaccuracies in making solutions 
should not be greater than a few per cent. If the photographer wishes to convert a 
formula written in metric units to avoirdupois, he will often “round off'’ the quantities 
to get convenient values. Care must be taken in this rounding off to see that cumula¬ 
tive errors are not caused. For example, the ratio between metol and hydroquinone 
in any MQ developer is important. In rounding off, if one uses a figure 3 per cent 
low for metol and 3 per cent high for hydroquinone, the total error is 6 per cent, which 
is about the limit that should be tolerated. Similar difficulties may arise in changing 
the ratio between carbonate and sulphite in a solution. 

The following table will be useful in converting formulas from metric to avoirdupois 
and vice versa. Other conversion factors and tables will be found in Appendix A . 


Table III.— Avoirdupois to Metric Weight 


Pounds 

Ounces 

Grains 

Grams 

Kilograinn 

1 

10 

7,000 

453.6 

0.4536 

0.0625 

1 

437.5 

28.35 

0.02835 

0.002205 

0.03527 

15.43 

1 

0.001 

2.205 

35.27 

15,430 

1000 

i 

1 


In converting United States liquid to metric measure, remember that 1 gal. is 
equal to 4 qt. or 8 pt. or 3.785 1.; that 1 oz. is 8 drams or 30 cc. (29.57 cc. actually); 
that 1 qt. is approximately 1 1. (actually 946.3 cc.). 

English formulas are frequently worke<l out for 40 oz. rather than in units of 16 oz. 
(United Sttites pints) or quarts. This is bec'.ause 1 qt. in the British imperial liquid 
measure is equal to 40 British fluid ounc<\s. Therefore, to convert a dO-oz. solution 
to a 32-oz. solution, multiply all ingredi(mts in the 40-oz. forinula by 0.8. Clonversely, 
to make up a 40-oz. solution from a 32 oz. forinula, multiply l.he 32-oz. values by 1.25. 
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STEREOSCOPIC PHOTOGRAPHY 

By Vannevab Bxtsh and John T. Rule 

General Stereoscopic Theory. Types of Vision. —Monocular vision consists in 
the reception on a surface (the retina) of a single two-dimensional iiiuigc, which has 
been projected through the crystalline lens of one eye from a scene in si)a,c.e, a,nd thc; 
resultant interpretation by the brain of this image. 

Except for the lack of color and the presence of the texture of the film, sucih an 
image is closely reproduced on the film of a single-lens camera making l)lack-and-\vhit(^ 
pictures. The resultant print when properly viewed repi’oduces an image on th(i 
retina similar to that which it would have received had the eye occupied the position 
of the camera lens when the picture was taken. From this two-dimensional image 
the brain infers the original three-dimensional space scene. 

Binocular vision consists in the reception on the two retinas of two images of a 
single scene in space and the resultant fusion and interpretation l)y the In-ain of th(\se 
images. Since the position of the two eyes is not the same, different portions of objcHits 
are visible and near objects obscure different areas of far objects. 'Thus tlu^ two 
retinal images are not identical. The brain fuses these two different two-diuumsional 
images and interprets them as a single three-dimensional space sc.ene in which d(^i)th 
appears to exist as a definite reality. 

If two photographs are taken from the positions occvipied l>y the two cyc^s and the 
resultant prints are properly viewed—the left eye viewing only the; print ta.k(m from 
the left and the right eye onlj;- that taken from the; right—two ndina.l image's a.r(‘ 
produced which correspond to those which would have been formed lia.d ('y<'s 
occupied the positions of the camera lenses. With proper vi('wing aids (he r<'sul(a,nt 
fusion and interpretatioir is substantially the sarnoi as that of binocular vision includitig 
the sense of the reality of depth. This reproduction of the: elTciC.t of bino(nda,r vision 
by the use of two two-dimensional images is “stereoscopic, vision.” 

Factors Influencing Judgment of Depth. —For the purpos(\s of this cha,pl.(n' tlu': word 
“depth” is always used to mean distance away from the: cy(\s. 

The important factors which contribute to depth judgment in monocular vision a.r(‘ 
perspective, light and shade, apparent size of known objects, obs(airing of rcino(('r 
objects by nearer ones, decreasing sharpness of detail with <listancc^, and motion of 
foreground objects against baedeground objtuits. 

All the factors entering into depth judgment in monocidar vision a.r(^ ('(lua.lly op<'ra.- 
tive in binocular vision. In addition, without evaluating their iinporl.amai lu'n', (lu^ 
following factors are present: 

1. Two Views. —As stated above the two views of binocula,r vision a.n* diff('r(nit. 
This difference is a major factor in thc resultant d(;pth effect, d’hc physiology of tlH-: 
resultant fusion and interpretation are not well understood. 

2. Convergence.. —In looking at a point in space, an angles is fornuMl by ( Ih^ (,wo rays 
from the point to the eyes. The eyeballs turn inward until the a,xis of cn,(di is coin¬ 
cident with its entering ray. This “angle of convergence” grows larger as the point. 
approH(du5s. It always has a fixed value for any fixed position t)f the. {joint wit h rcsjxM't, 
to a given position of a pair of eyes. 
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3. Accommodation .—In viewing space the accommodation or focusing of the eyes 
varies with the distance to the object and consequently gives some indication of depth. 
Change in accommodation involves a change of shape of the eye lenses, whereas change 
in convergence, involves a change in direction of the eye axes. 

All the factors, except that of motion, entering into depth jxidgment in monocular 
vision are equally operative in stereoscopic vision. In addition the following factors 
are present: 

1. The presence bf two views is the same as in binocnilar vision. 

2. The theory of convergence is the same as in binocular vision. However, the 
two rays of light to the two eyes do not originate from a point in space but from the 
two views of the point on the stereograph. Thus the actual convergence may differ 
from that of the original space scene by varying separation between the two views or 
by the use of various stereoscopes. 

3. Accommodation in stereoscopic vision is fixed either at the distance from the 
plate to the eyes or at infinity by the proper use of lenses. This is an important 
fundamental dift’erence between binocular and stereoscopic vision. 



Fit!. 1.-—Diagram of threo-dirucntiional ol>ject for wVii(;h (londit.ious of stereoscopic vision 

are derived. 


4. Tlu' pre.senc(> of a TixcmI plains as rcipnvstnih'd by tlu' location of the print or 
< ransi)ar<‘nc\v. 

5. The i)resen(a‘ of a (hdiTiite visible limit to the (alges of tlu^ t.vvo vitnvs a(;ting as an 
(viclosing fra.me which n'stricts t he semse o( size a.rul (hspth. 

Apparent Locatiott. and Aise of Slereoacopic Imagea. —-Ch'ometric.ally, (a)nv(wg(mc<' 
givcis an a(‘cura.t(‘ method of thdermining the distamu! of a,ny i)oini from the two ey<‘s. 
C\>nse(ju<>n(.ly it sho(dd giv<^ the l>rain a i)erle<vt <l(q)th-s(msing dendee. 

The following fonnuhis are (h'rived froiti the ge<>nu4,ry of convergence. Tt slundti 
be (dearly umhtrst.ood tdiUit tlu\y art' ba.s<'(l upon th(' lundamenta.1 pn'inist' that, thc' 
ap{)}irent lo('a,tit)n t)f tlie ster<'ographie iimigt' of a point c.a,n lx* obtained by i)roj('cted 
rays from t.he ('y(‘s t.hrough thc! rc'spt'tvtivt' .stt'rt'ographit' viciws ol tlu' point, tlu' image* 
b('ing Itx'uted at the inl.t'rst'cl.ion of the rays. In othc'r words (lu'y an' bas('(l on tlu' 
assumpt'it)!! t hat, the eoiiv('rg('n('e oi tlu' lim;s ot sight is an a.bsohitie d('t.('rminant ol t.h(' 
hx'ation oJ' the image. 

It c,a,n b(' st.a,t.ed di'fiiut.ely, howev('r, tluit the ahHolnle convergence of a single point 
'never determines its apparent depth in a stereoscopic image. Its relative ('onvergence' 
with other points is nsv.d by the brain to locate' it wit h re'gard to t.hose* points aite'r the' 
ge'iu'ral position of the iiimge* is fixed. 

Thus t he' formidas do not ae'e'urate'ly indie'nte the* a.bsf)lut(‘ a.ppa,rent location or si/a* 
of a ste're'ose'ojjie' imager in H[)acc as serein t.hrough a sterreoserope'. '1 hery do derterrmine t he* 
merc.hanical eronditiorns under wliich stereroscopier vierwing should ta.ke' place iiixl t he' 
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relative positions of points in the image. They also give an accurate method of deter¬ 
mining the actual location of points in space from stereographs of them. 

Figure 1"^ represents a plan view of a pyramid ABC photographed l)y the double- 
lens camera focused on the plane AB, with sufficient depth of field to include th(> 
entire object. The images of A, for instance, are at Al and Ar, respectively, for tht^ 
left and right lenses. This figure is used because of its simplicity. Any other figure 
would lead to the same formulas. 



->1 


Fig. 2.—Conditions existing when viewing object by means of a 8tere()scoi)e. 

Figure 2 represents the conditions which exist when the resultant plat(\s nr<' fniuH- 
posed and enlarged m times and viewed as a stereograph. A'B'C is tlu^ r<'suI1.M.nt 
stereographic image in space as fused from the two halves of the st{vr(M)grar)h—.-1 
and 

The following formulas can be derived from Figs, f and 2: 

jd. _ rt^B ■ . 

d' f' e ^ 

A'B' h' S' 

An orthostereoscopic view is one in which the resultant imago is of oxacfly (la* 
same size and shape and has the same location witli respect to the ol)s(‘rv('r’s oy<*s as 
the original space scene. 

Formulas (1) and (2) indicate that the following conditions a,n> tuMH'ssary to oblain 
an orthostereoscopic view: 

1. Without enlargement,/ must equal /'. With oiilargciiuait, mf nuisl <Mnia! /'; 
i.e., the distance from the eyes to the plate, in viewing, must (hhuiI ( lio dislaina' from 
the lens to the plate, in taking, multiplied by the cnhirgcmumt of t lu' |)iat<'s. 

It is illuminating to state this thus: the anglesubtmided l>y tlu^ object, at Urn c.amora 
must equal the angle subtended Ijy the print at the (^ye. 

2. B must equal e; i.e., the photographic ba,so—the dis(.a.MC(i Ix'Iavcm'h canu'ra l('nsos 
for the two views—must equal the iat(U’ 0 (ailar distantu^. 

The above mathematical treatment eov-ers the I)a,si(i hxitunxs of lh<' I lu'or.N' of con¬ 
vergence. A complete mathematical analysis witli (\spccial n'lcnmcc' to t li(‘ condit ions 
necessary for obtaining orthostereoscopic views ma.y be found in an .-irlicle entitl 4 Ml 
Orthostercoscopy, by Henry Kurtz, in the 0(d.ol)or, 1937, issini of l lu' Joiirtni/ of flu- 
Optical Bociety of A merica. 

Effect of Other Depth Factors.—Tho absolute location a.n<l sizi' of a. sieia'oscopic 
image depend upon the degree to which the various depth fa.ctors listed nbovi' ;>re 
present, upon the particular method of viewing, and, !)CMng partly' subj(‘cl ii]M)n 
the individual observer. No rigid rules for locating such images (aui be laid down. 
Consequently the subject must be discussed in general terms. It. is assuim'd in flu^ 
Aft«r Hard/ aud P^rriUi 
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following discussion that mechanical conditions for orthostereoscopic viewing, such as 
proper focal lengths and bases, have been achieved. 

First consider the effects of viewing stereographs without a stereoscope. It is well 
to restate that in such viewing a.bsolute convergence is not of importance. In viewing 
the stereograph of Fig. 2, for insta,nce, the resultant image would not seem to be of 
exactly the indit^atod size and shape and would not be located at the indicated distance 
d' from tlie eyes. 

A possible reason for this ca.n be seen if it is remembered that in binocular vision 
there is a fixed tie between accommodation and convergence. Thus in looking at a point 
2 ft. away the (yes are foeuscal for 2 ft. and the axes of the eyeballs intersect at 2 ft. 
ihigardless of the: distance of the fixation point, nearly the same angle of convergence 
a.lw'ays goes with any giv(m focus, only varying slightly for objects not directly in front 
of the ol)server. Both change together as o})jects of different depth are viewaal. 

In sterc'oseopic vision this estal)lished tie is brokem. The two views of the point 
on the sten'iogra.ph dett'rmine the conv(;rgence. This convergence changes with 
chang<\s of sc'iparution between diffeix^nt points on the two views. How(!ver, the 
accorninodntion remains constant, i.e., the focus of the eycis is either fixed for the dis- 
taiKiC from the eyes to the ster(X)graph or by a distance dictated by the lenses of the 
stercioscope—usually infinity. 'This split of the accommodation-convergence habit is 
the outsta.nding difference l>etvveen binoc.ular and stereoscopic vision. Since the eyes 
are present('d with a situation fonugn to binocular vision, the psychological interpreta¬ 
tion tends to difftn- from that of binocular vision. 

In very simple stereographs ciontaining only separate points and lines’^ and viewed 
w'it.hout a st<n'eosc<)pe, the resultant interpretation t('n(ls to place one prominent point 
or plane of tlu^ jnedun^ --cailed the "fixation” point or plane—in or near the plane of 
the plate. 'Tims oiu^ jioint is approximately determined from the acconunodatrion. 
The depth of the: ix'st of th<^ [joints of the picturti ani interpr(t',ed from this point in 
a.<aa)r(la.nc(j with both th<J relattvcj convcn-gcMHUJ with this point a,nd the otlier d(jpth 
factors r<jlal ing t lie ijoints and ol)j(‘c,ts to e:ach ot her. 

This accounts for 1 Ihj fa,ct dia.t a, clmnge in tluj s('pa.ration of the two views of the 
st('re<)graph (anises no [X'reejitilile cha.ng<j in the position or siz<‘ of tli(J resultant image. 
Ih'gardh'ss of what this s(*pa,rat ion may be, so long as fusion is imuntahuHl, the eyes 
"dra.w till' views f.ogi'ther” until the fixa.lh)n point. a,ppea.rs in the jirofx'r pla,ne. The 
r('la,tiv<' eonv('rg(>ne(> of ■'’•trious |K)ints nnnains the sanu' in any caiscJ. 

'TIkj lo(>at ion of t he final image dilh'rs for differcMit. observers. ''Plu^ r(\sultant etTeet, 
li()W(‘V<n% is that t lu' image is (lra.wn forward from wh('n> it. should be on convergeiuxj 
primdph'H and is sinalh'r wit li a pro[)<)rl.iona.lly griaitiu' <lixu’e:a.se in t.hc^ d<^j)t.h tlnui in the 
ot.ln'r dimmisions. 

As the views are rnaihi mon^ eoinplex liy t he u.s(‘ of plain's whicdi obsiaire CJa.eh ot her, 
persp('<d.ive ('h'liu'nts, and objc'cts of known si/x', t Ix'Si' a.dde(l facdors t.end to domimiti' 
ilu' interpretation of tin' si/x' a.rnl loca,l.ion of tln^ image', whih^ aceoinmoda,ti<)n and 
conv<a’ge:ne<' Ix'coiik' of incriN'isingly h'ss iinportain'C:. '^Fln^ use; ol rela.tiv(J (xjti v('rg(nn‘.(' 
Ix'cnmn'.s so bouinl up with jx*rspe<dive el('nn*nl.s llial. its <'ll(xd. (‘annot. Ixj ,S(.‘pa.ra.t.C'd 
from lln'in. 

R.(^ga.rdI('Hs of tlxJ d('gre<J to wliich ollx'r (h'pl.h lact.ors arc^ [jixvsenl., f.lxj l(md(m(y 
to fix OIK' point, in t.lx' |)lain^ of t.lx' plat.c^ nevm' ent.ir('ly disa.pi)(^a.rs, with l.lie re^siilt 
t lmt, f ix' st.<'r('ogra.[)In(^ image', wit hout, t.lxj use of a. si('rexiscoix^, always a.i)pe'a.rs smalle'r 
!i,nd le^ss dee'}) than the^ natural obje'ct. 

VVlx'n a. six're'osemjxj is use'd for vie'wing, a. edia.nge' in s<'])a,ra.l.ion ol llx^ t.wo views 
sl.ill ea.uH('H tx) elninge' in tlx' resultant, image. 'Fix' aee.ommodalion, if propea- IVxad 

* I<'uKN<'U, J. W., Tnins. Opfinil Sov. {I ^utidon), vol. 24. 

U. Trans, Optical Soc. {IdrndotO, vol» 
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lengths are maintained, is generally fixed at infinity. Consequently both absolute 
convergence and accommodation are of little importance. 

Eliminating these factors, each of the other depth factors has its own tendency as 
follows: 

All the normal factors of monocular vision, perspective, known si:',o of ol\jects, et(^, 
tend to make the resultant image of the proper size and a,t its proper location in spacer 

Relative convergence tends to place the parts of the image in their proper relation 
to one another according to the final location of the image as a whole. 

The tendency to find a fixation point in the plane of the plate is the greater the 
more obvious the texture or grain of the plate. 

The enclosing frame around the fused image tends to make any point near the (ulgo 
appear to lie in the plane of this plate. A stereoscope scene may appear quite nat.ural 
as a whole. Yet if successive points near the edges are fixed, they will lUl ai)|:)ea,r to 
lie in or near the plane of the frame, regardless of the fact that they are ol)viou.sly in 
different planes in the whole view. 

The enclosing frame is supplied either by the edge of the plate around the stcrcio- 
graph or by the restricting parts of the stereoscope. Since the eyes riornially see over 
an angle of about 120° each, a camera capable of covering a field of 120° would be 
necessary to eliminate this frame. A stereoscope would then be necessary wliicdi 
would permit both eyes to cover this range such as a mirror stereoscope wdiere thci 
mirrors superimpose the views. In a lens stereoscope the right eye cannot b(i per¬ 
mitted to see the left view and vice versa. The usual camera and the usual huis 
stereoscope both permit angles of less than 60°. Consequently the enclosing fraiius 
is always present in one form or another. 

The total resultant image is a compromise on the part of the eyes and bra,in Iretweon 
these various factors. It is more perfect when the factors which place it c.ori-eud.ly 
are more obvious and the factors which draw it forward and decrease its siz(^ are more 
nearly eliminated. 

In normal photographic work the depth of any object in the scene is not exa.(dly 
known to the observer. Consequently he has no means of judging the a.eeura.cy of (lui 
location and size of the stereoscopic image of it. So long as the illusion of rcuility is 
maintained the tendency is to accept the image as correct. 

From the above discussion the photographer shovdd rernernber: 

1. Extremely simple objects which primarily must depend on convergence to giv<^ 
depth judgment will tend to appear smaller, nearer, and somewhat dist.ort<“d. If 
the accurate judgment of the size and shape of rather uniform ol)je(d,s, su<di n.s (nibc.s 
or geometrical figures, is desired, other elements should be added to th(^ jncd uia^ wliich 
will aid in this judgment. 

2. Scenic views appear quite natui’al though they have a tendemey 1o b<‘ <>ra,?n{><Ml. 
As more elements are added which normally aid depth perception iu moiuxndar vision, 
the scene will more closely approach its true size and shape in spa(-(‘. 

3. Every effort should be made to eliminate print or plate textur(\s and th(‘ ol)viou.s- 
ness of the enclosing frame. 

4. No absolute criteria for depth judgment exists; c<)nse(iucntly tlic^ (‘xpcu-icnec* 
and capabilities of the photographer will inevitably play a large part in d(‘t(umiining 
the degree to which the illusion of reality is approached. 

It must be realized that the entire discussion of depth judginent in st(u-cogra.j)hs is 
put forth only tentatively in the absence of a more exact knowledge; of the; suhjeM-l,. 
The sense of depth in a stereograph is so striking that no great ,s(msi!)ility l,o i(.s vm.ri- 
ability has yet been developed. As stereographs become more; common I hi; in(:<'rpr<;( !i- 
tion of their realistic and artistic effects will become more; a(;ufo. The field offers an 
enormous opportunity for reseHr(;h on the part of the photographer 
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Limits of Stereoscopic Vision.—Binocular vision and consequently stereoscopic 
vision occurs only within relatively near distances. The maximum distance depends 
upon the minimum relative convergence that the eye is able to detect. This distance 
differs considerably with different individuals. 

Helmholtz considered the minimum difference in convergence 
angle that could be resolved to be 1 min. of arc. Later experi¬ 
ments show the average value to be in the neighborhood of 20 
sec. of ai’c, possil)ly less. 

Given two points at the same distance from the eyes, di. 

They appear to l)e oqviidistant. If one point then recedes 
from the eyes while the other remains stationary, the eyes are 
not capable of detecting that a difference in distance exists until 
the convergence angle for the rec.eding point has diminished 20 
sec. of arc. Calling the difference between the two distances 
D and the distance to the far point da, thei'e is, for any value of 
di, a minimum value of 1) for whicth the difference in conver¬ 
gence angle heciomes 20 sec. of arc;. 

This can be very closely dei.cu-mined from the formula: 
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Fig. 3. —Diagram 
from which the data 
of Table I was 
calculated. 


where c = int(u" 0 (‘ular distance^ 

a. — difference in c.'onvergencci angle between d\ and d-i 
expn'ssed in radians (1 rad. - 57.3°). 

ITsing 2.5 iti. for e. iuul 20 see. of arc for «, the following 
table gives th<> sepn,ration away from the ey(^s that two 
objects must liav(' if a, ster(>ogra.pli of them taken with a 
2.5-in. ba.s(' is (o show any depth. 'These .nrc^ only approximate values that will give 
the phoiogra.phm- soitie id('a, of the sort of de])th (dTecits he may expect with various 
spa.cing of obj(M‘ts. '^Phe I,lungs to be noticed are the rapidity with which D must be 
incr(‘a,sed Ix'yoml 100 ft. and die fact that binocular vision disappears entirely near 
2000 ft. 


T.\Hmo I. -Conditions kor BiNoeunAU Vision 


If di I^jtiualis 

10 iricOHLS. 

2 ft. 

5 ft. 

10 ft,. . .. 

25 ft... 

100 ft... 

200 ft... 

500 ft. 100 

1000 ft. 025 

2000 ft. ^ 


D MuHt Kqiial or 
Exceed, Ft, 

0.005 
0.002 
0.01 
0.05 
0.3 
5.0 
20 


litnif of st (‘n^oscopic x i.dion on tlu' lu^n.r sido is y (‘onsidcoHul to thc'i 

mininunn (lisl,aiM*(‘ foi' rocaising* by i\iv (‘V(ls, A iniiiiimun value of 15 in. is 

r(HX)niin(UHl(ul. 

Stereography with a Single Camera or with Two Single Cameras. With finale 
(Uiniera. -St-<*r(M)gnt|)lLs of inolionh'ss s(*(uh*!S niiiy bo uukIo witli a,ny single oaincu’a. 
It is iinportdinl, t.o nuinutibf‘r, liow(‘VC‘r, (Inil. in s(,or(M)gra,{)lis sharpness of detail over tho; 
wholes s(*<uu^ is inon^ iinportanl, i ha.n in ordina.rv photogra.phs, as blurred details greatly 
dctra(vt from (Ik^ d('pt,h (dT(*<d< and tin* illusion of nudity tluit a sliarp stereograph givevS. 
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As shorfc-focal-length lenses have more depth of focus and the distance beyond whic:}! 
everything is in focus is less than in lenses of long focal length, shorter focal lengths are 
preferable for stereoscopic work. Several methods of making stereographs with a 
single camera are possible. 

Camera May Be Shifted between Exposures. —If the distance to the object is small, tlie 
camera should be pointed at the same spot near the center of the object in both views. 
If the distance to the object is greater than 6 ft. a simple lateral displacement is a.11 
that is required. 

The distance between the two positions of the lens should be about 21-^ in. unless a 
hyperstereoscopic effect is desired. 

The lens must be at the same distance from the object in both views. 

The camera should be at the same elevation and level in both views. 

The stops and lighting conditions should remain the same. 

Many devices can be made to aid in shifting the camera (see “Stei‘eos<*.()pic Photog¬ 
raphy,” A. W. Judge). For cameras with flat bases, such as the box types, a, tray may 
be constructed, the width of the tray being equal to the width of the canuwa plus tlu^ 
interocular distance. It is then necessary only to push the camera against th (5 oi>po.site 
ends for the two views. 

A rigid frame may be built around the camera which slides in another frame and 
locks in the proper positions. 

Some manufacturers (Leica, Rolleiflex) furnish devices for this purpose. In gen¬ 
eral these are constructed to fit between the tripod and the camera. Th(iy either swing 
or slide the camera the requisite distance. Leica^ furnishes a Stereo Slide Pa.r whic:!! 
permits the camera to be locked in any position up to a separation of 15 cm., tims 
permitting the taking of hyperstereoscopic views up to that maximum l)a,H(\ 

The Object May Be Shifted the Interocular Distance. —The object must he against 
a plain background with no other objects in the view unless such obje(d.s a.re also 
shifted. 

The shift must be level and perpendicular to the axis of the camera. 

The object should not be much closer than 6 ft. from the (ra,inera,. At shorter 
distances the camera should preferably point to a spot between the two positions of 
the object. 

The light should preferably be uniform, not from a concentrated souna^. 

The stops and the lighting conditions must remain the same. 

This is a convenient method for i^hotographing small objects t hat are easily shift( m 1 
on a table. 


The Object May Be Rotated.—This is a more accurate imd.liod than shifting t lu^ 
object particularly for short distances between the object and t,hc cjumu-a.. 

The object shovdd l)c against a plain background. If it is not or if other objects 
not rotated around the same center also are in the view, the baedeground a,nd th(‘S(^ 
objects will show no relief in the stereograph. 

The proper angle of rotation for orthostereoscopic views can be (nihudat.ed from 
the formula; 


<x = 2 sin 




(4) 


A greater rotation gives a hyperstereoscopic efftHd,. 

A simpler method ol rotation is to pic.k out or mark two points on tlu' object, in 
hue with the lens of the camera and the center of the object. Then rota,t<' the obj('c( 

until a line through these same points passes 2>2 in. to the right or left, of 
the lens. 


1 See Leica Manual. 
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All the ahovG lYxetliods demand that the scene be motionless for the time required 
to change the film or plate and to reset the camera or object. 

Use of Stereoadapter. By the use of a stereoadapter a stereograph with a single-lens 
catnera and a single exposure can be obtained. This permits moving objects to be 
photographed. ^ 

Such ada,pt(a'a consist of arrangements of miiTors or prisms designed to bring the 
two views into the left and right halves of the lens, respectively. Figure 4 shows the 
sim{>lcst arniugemeivt of mirrors for accomplishing this purpose. 

A disl.iiuit a.dvanta.ge ot such adapters lies in the fact that the refraction through 
the lens revers(^s the views so that they 
aj>]5car in proper position upon the nega¬ 
tive a,nd do not have to be transposed. 

Leica manufactun’is a stereoadapter, 

(aUled a Stereoly, using prisms. The device 
fils in front of the lens. It divides the 
standard 8()- liy 24-mm. picture into two 
of 18 by 24 mm. A special viewer for rolls 
of films of this type is also furnished. 

Tlie use of a, stereoa,da])t(U’ involves a 
grt'at r<^du(dion in tlu^ amount of light reach¬ 
ing tlu^ film. Si)litt.ing the lens cuts the 
int(*nsity to oiu'-half, wlulethe absorption of 
prisms or mii-rors furtli(n' naluces it., Con- 
s('(]U(uitly long(‘r ('xposurc's a.re n(‘(!(issa.ry. 

Th(‘ canu'ra, should be of such a tyi)e 
Ihat tlie film used in it (am lx; divided into two areas which are approximately 
stiuanu 

Slere<>f/ra]}fis 'ivH/i Tiro (tauieras .—If (aimeras an; small, two may be clamped 
tog(d lu'j' so I liat t h(‘ leiis('s an; se|)a,rated l)y 2* 2 in. or slightly more. This means that 
Mu' plain's must not lx; la,rg('r than 2* 2 im iu width. If the s(;paration between lenses 
is gn'ater than 2*2 in., a, hyp(;rsten'os(;o|[>ic (;rf(;c.t r(;sults. 

C'a.n; must lx; ta.U('n that tin; following conditions arc; fulfilled: 

'Tlu; l<;nses must lx* well mat<;hed. Tlu; nuinufacturer should be willing to do this 
wli(;n Mu' ('anu'ras an; |nin;has(;(l. 

'Tlu; lim; Ix'twc'cn h'lis (*i'tit(;rs musi, lx; h'vu'l with tlx; rt;sultant ba.se of the combined 


... . ^ Cormerot lenS 

V 
/\ 

/ \ 

Fid. 4.^ —Simple arran^^cmeiit of using 
two sets of mirrors to provide stereoscopic 
elTocts with a siuglo-lons camera. 


(*n luonis. 

(‘(pinl sliut((M’ spiunls find <li;iplinigin ofxmings must Ix’; iu regality (xpial. 
Iu (*h(\‘ip (’iiuH'rxs llx‘r(' uiay Ix^ cousich'rabh' vn.ria,ti<)U iu shuttor spcuuls oiiusing it 
iu <‘\i)(>sur<‘ liuu'S. 

'V\\i) slnit-fd‘rs luusl work simuKiimxmsIy. or (*,ouu(M‘tiug: l)a;rs must bo 

(h'sigiHMl for 1-his purpos<‘ for {,1 h^ pa.rti(*ular oa.uuu’a.s to 1)(^ us(mI. 

W'ith iu('xp(Misiv(^ cadiHM'a.s this aJTonls a. v(U’y (du'ap a.ud sa-tisfacd^ory nud.hod of 
making s(.('r<‘ogra[)hs. ddx^ lx‘giuu(M' wlio (%a,rcs to oxpcu'imcuit with storoos(a)pi{‘, 
possil)ird i(\s will do w(dl lo staj'f- iu tin’s marnuM'. 

Double-lens Camei^as. A st(‘r(X)S(X)pi(* cauHU\*i with f wo uuiiclHxl hmsexs s(^para,te(l 
1)\- fhe iutiU’CHMilar distama^ piu-mits (In* (a-kiug of sl-or(‘ographs of any typ(^ of siuuu^ in 
<‘Xa<d ly (h(‘ sauu' maumu’ that oialiiiary [ihotographs a-r(‘ (aJc(ai. As long as tlu’; shut- 
l('rs, focusing d(‘\’i('(‘s, a.nd (liaphi’a.gm optmiugs arc’i (x'udi liuki'd tog(d-hor and (ai(di sot 
by oiH* adjusluMMit, Mk' oporaliou is no dinonmt. from that of th(^ usiiaJ camera-. 

MosI s(<M’(M)S{‘opic (‘aimu’as an' (itt-cal with hms (aa.ps so t hat- onc' Icms may be (covered 
if it- is d(\sir(xl (-o tn,k<' singh^ pictiin's or hy])(U'st-cuaa)gra-phs. In tJu^ latter ca-so the right 
hms is (*()V(U'(‘d for iJu^ right- vi(‘w whih^ l.lu^ hd't hms is c-ovorial for the loft view. The 
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camera is shifted the desired distance between views. 


This elirninatcs the necessity 


for transposing the plates. 

As it is desirable that a stereograph be level, the more expensive cameras are fitted 
with levels and the lenses are held in a sliding front which permits of a small vertical 
displacement for centering objects slightly above or below the level of the lenses. 

A list of the chief types of camera on the market follows. The list is not Ciornphdx^ 
but gives an idea of the field. 

Eho. An inexpensive box-type camera. 2^- by 33'i-in. roll film. //H lenses. 
Fixed focus. Time and single-speed shutter. Direct-vision wire view fiixhu'. Sands, 
Hunter & Co., London. (Price about $15 in England.) 

The Puck. Similar to the Eho. Central brilliant-type view finder. Messrs. 
Thornton Pickard, London. 

Heidoscope. A high grade, precision camera. Plate changing box for twelve 
plates. Two sizes: 

45 by 107 mm. Zeiss Tessar lenses //4.5. Focal length, 5.5 cm. Zeiss anastigmat 
view-finder lens //3.2 centrally located. Variable-speed shutter. Variable focus. 
Lens caps. Spirit level. (Price about $270 in England.) 

60 by 130 mm. Zeiss Tessar lenses //4.5. Focal length, 7.5 cm. Zeiss anastigmat 
view-finder lenses //4.2. Other features the same as above. II. F. Hunter Ltd., 
London. (Price about $290 in England.) 

Rolleidoscope. The 60 by 130 Heidoscope made for roll films. (Price about $260 
in England.) 

Voigtlander. 45- by 107-mm. plate changing box for 12 plates. //4.5 lenses. 
Focal length, 6 cm. Variable-speed, Compur sector shutters to 3 -'^50 sec. Variable 
focus. Lens caps. Spirit level. (Price about $270.) 

Ica Plaskop. An inexpensive camera. 45 by 107 mm. six individual plateholders. 
Ica Novar anastigmat //6.8 lenses. 6-cm. focal length. Time- and single-speed 
shutters. Direct-vision wire view finder. 

Ica polyskop. 45 by 107 mm. Plate-changing box. Zeiss Tessar lenses //4.5. 
Compur sector shutters to 1^50 sec. Direct-vision view finder. Variable focus. 

Ica Minimum Palmos. 60 by 130 mm. Folding-bellows typo. Zeiss I’easar 
lenses//4.5. Focal-plane shutter to M^ooo sec. 


Verascope. Numerous types. 45 by 107 mm. and 60 by 130 mm. All have 
plate-changing box. Standard, and roll-film adaptors, optional. Ijonses f /6.3 on 
cheapest type;//4.5 on others. Central view-finder lens. Variable speed shutters. 
Manufacturer—J. Richard, Paris. Agent—R. J. Fitzsimons, 75 Fifl.h kvv., N. Y. 

Other sizes and types of camera, many having been made to ordtsr, many of dis- 
^nntinued makes, can be obtained secondhand by w^atching pliotograplii(* j.^<n’i<><lic*}ilH- 
Viewing Instruments. Viewing without Aid .—The viewing of ster(‘ogr:iphs wit h¬ 
out the aid of some form of viewing instrument always causes eyestrain. Wdl li (U)n- 
siderable practice it can be done with a fair amount of ease but is e(u*tainly lunu'r to lx-; 
recommended as a common practice. The judgment of depth by this men,ns is lu'ver 
accurate. This was discussed on page 572. 


If it is desiied to expeiiinent with this form of viewing, a picice of ('ai'dboard or 
other flat shield should be plactal normal to the two views and Ixdnvcum tiumi to n'nd<n- 


them mutually exclusive to the two eyes. Without this shi<d<l thnx^ views will lx*.se<‘n 
of which the center one will be the stereoscopic image. 


In this form of viewdng the two views will .s(xmi to draw togel.lun- unt.il (.hey are^ 
superimposed. It is helpful to fix on some prominent feature and dra.w this ft‘jitur(s 
together before attempting to focus the eyes. Once the views a,r(^ tog(d,h('r, an (d'fort 
is required to bring them into focus. This focus cannot be held more than a, few 
seconds without considerable strain. 
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It is also possible to fuse stereographs by looking at them cross-eyed. This pro¬ 
duces a small image in front of the plate which is psuedoscopic—reversed in depth. 
This method can be employed on stereographs before they are cut apart and trans¬ 
posed, in which case they will not be psuedoscopic. 

Lens Stereoscopes .—The usual type of stereoscope for general work is the lens 
stereoscope. The purpose of the lenses is primarily to relax the accommodation. In 
split-lens stereoscopes the views are also partially drawn together by refraction. 

The lenses thus serve to keep the eyes focused on infinity which is approximated in 
normal vision by all objects more than a few feet away. Thus the normal accommoda¬ 
tion-convergence ratio is not too seriously violated as it is when the eyes are forced to 
remain focused at the distance of the plate. 

Pull~lens Type .—In stereoscopes of short focal length, full lenses are usually used 
separated by 21-2 in. They are Available as box or as folding types. 

The box type is used for transparencies. It is a simple box with a ground-glass 
screen in one end and the lenses mounted in the other end. The lenses are usually 
fitted with a ra,ck-and-pinion focusing device much after the manner of a pair of opera 
glasses. The plate is inserted through a slot in front of the glass screen. The latter 
serves to diffuse the liglit over tlu; entire scene. The instrument must be pointed at a 
satisfactory light source unless it is fitted with a light in back of the glass screen. 

The folding type is convenient for carrying in the,pocket for use with prints. It 
consists of a collapsible metal framework containing the lenses and a rack for the 
plate. These may be (ionstructed of two pieces which slide in eacli other in order to 
peritiit foc.using; or tli(\v may be of one pie(^e with a fixed focnis. 

The value of this type of st<u-eoscope is that it can be made very cheaply and is of a 
convenient size for (!arrying. However, the cheaper forms lack rigidity and easily 
get out of alignment. 

Spectacle Type .-—Pairs of haises much like a, pair of spectacles are also obtainable. 
These require that tin' i)la,te be field in the hand and moved until fusion is made. This 
x-equires a. certain amount of pra,c( ice. This type is very convenient for use with books 
in wliich stert'ographs arc' pulilished. 

The Camera as a. Stereoscope. —h'or theoretically perfect ortliostemoscopic viewing 
tlie stereograjih should lie viewed with the pair of lensc's wi(.h which the ijicturcs were 
taken. Woine (cameras on the markx't are so constructed tliat tliey may also be used 
a,s viewers. Iloweviu- any pair of lenses of the same focal lengtli and a comfortable 
din,meter will give exiuillent n'sults. 

Split-lens Type.- .The common hand type, or Brewster stereoscope, the American 

parloi’ st.ereoscope, is of the spli(,-lens typi^. Tliis systivm is sliown in Fig. 5. The 
single lens is ajilit vertically through the center a,nd the l,wo halves are mounted with 
thc! oj>tiic.a,l cenfiers out . These eiMit.ers are si*pa,ra.ted somewhat in excess of the inter- 
o<ada.r distanct'. (Kiystone l,el<'bino<*ula.r, 95 mm.) This a,Hows wi<ler separation 
of the prints and cons(M|u<'nt 1 y largiu- prints miiy be used without ov<M-la,pping. 

'^Phe alt.eral ion of di'pt h of l,h<' obj<'<ds in t he st.eriaigra.iih in ( his type of st<ireoscope 
when used with a canuMa of ini ('rocular siqiaral ion is not detnid al ile in t he ordinary 
|)hot.ogra,ph. It nei'd only b<‘given sm-ious cousid<‘ra.( ion in |,<'(dmical work wlu're ( he 
a,ccura,te judgnuuit of dept h relalivi' to width and height, is of import,a,nee. In such 
cases the use of a. camera, of lens separation eipial to (he distance between opticail 
cent.ei’s in (In' stereoscope (*limiua(<‘S tin* distortion (hough (he imagfi is theoretically 
nearer a.nd sinalh-r on hyixMstm'f'oscopie jirineiph's. 

In j;*<uuu'a.l t.liis type' of st('n'<)s<‘<)p(" h;is a, focail l(‘nf'!;( h (-ha,n t.lu) full-Unis typ(\ 

Tlio diflicultiy h(u*(‘ is t.liat i \u* f(><\a.l h is usually lonpi:(‘r than l.ha.t of niosi. (ainua'as. 

On thn oth<‘r hand t-ho spliti-injii:; of iho hais allows of a, lar^cu' and cons(^qu(iuily flatter 
full Ions. This redueevs both (diroinalac and splaadcail atxn’radaon. 
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Stereoscopes for Roll Films .—Small full-lens type stereoscopes are also riiade for 
use with standard-size motion-picture films. The Tru-View Co., Rockford, III,, 
manufactures one of these in America. The prints are small, so that it is possible to 
interlock them. The first and fourth, third and sixth, fifth and eighth, seventh and 
tenth, etc., views being paired. The second view is a blank never appearing' before 
either lens. A roll of films is fed through a vertical slot at the right side of the viewer. 
A lever shifts the films the requisite distance. The stereoscope is of the box type with 
a fixed focus. The films are positive transparencies. 



Fig. 6. — Mirror stereoscope, as originally used by WhoMtslono. 


Leica also manufactures a stereoscope of this typo already hum) (iotuM 1 iukUm' 
stereo adaptors. 

Lens-type stereoscopes should be fitted with side shields to eliinina.((i stray ligiit 
around the eyes, a shield between the two views to render them nud-ually <'.xelusi v(‘, 
and a sliding plateholder or lens adjuster for focusing. If for usti with tran.spa,rtuH*i<\s, 
they should completely exclude all light except that coming tlirough tlu^ ground ghi.s.s. 

Mirror Stereoscopes .—There are many types of mirror stereoscopes i)os.sibl(^ In 
all of them the two views are superimposed by reflection. 

The original mirror stereoscope was that of Wheatstone shown in Fig. G. 

The two prints are mounted facing each other at A and B and are reflected into ( Iki 
eyes from the mirrors C and D. The prints may be moved together or apart by niea.nH 
of the screw. 
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a single reflection occurs, the resultant view is reversed from the right to 
Printing, for instance, reads backward. This can be remedied by having the 
srsed from the negatives. 

d metal or front-silvered mirrors should be used as a faint second image is 
f the front surface of ordinary mirrors. 

ement and extension of this type is used extensively for viewing X-ray 
las. Transparencies are used and jalaced in the machine reversed. 

>st common form of mirror stereoscope is of the double-reflection type shown 
It is extensively xised in aerial photography work. The path of the light 
a in the figure. The double reflection eliminates the reversal effect of the 
heatsto!ie stereoscope. 

»ssil>le to design this stoireoscope for jarints of any size. Prints of varying 
used in any given machine, provided focal lengths are approximately 
Pile use of large prints has the advantage of minimising the obviousness of 
exture with relation to the picture. 



a> 











<)ul)lc-rc*(lecti(>ti type of mirror .ster<>oHcope wl»i<0i oliniiniiies the reversal effect 

of (,he Wheatstone t.ype. 


till ilistiima' tlnit tlu^ liglit tr:iv<'ls from the jirint to the (\ve corresponds to 
mgtii of llu' instrunuMit. As this is <iuit(^ hirge in c:oinf)arison i.o lens stereo- 
isid<M'iil)lo (mlargnunit, should l)i‘ nuKhiof vimvs taken with ordiiniry caanenis. 
iucc<‘ssfully be: dom^ iis the prohic'in of ovunln{ijiing does not present itself. 
■!<'rving ju'rial pii<)(.ogriii>hs f.lu^ miicliiiu^ is ustiiilly pbice<l so tluit the obsinwer 
n on th(^ prints. Hin^h vi(nvH usually lin,v(i only a, portion of their an^is 
1 . ''I'h<‘s<‘ iir(‘ iidjust.ed by <\\''<> until tlu‘y fus(\ 

1(^ liirgi' inetiil plivt.<' polished on bot h si(l<\s nniy bt^ ustsl jis Ji singh^ mirror 
<>. Tb<‘ plat.i' is placi'd Ixb \v<‘<>n f lu' (‘yess iind nornuil to t luun. d'he eyes 
h<' pljit (‘ id. I,he r(dl(M-t ions of t he print s. ll(‘re tlu^ prints are reversed from 
ft. due; to the single ndlection. 

ol bm’ tyfx'S of mirror ster<'os<u)pt\s iire j)ossil>l('. llnu.suiil (h^signs jiri; oeca- 
^sorti'd to for sonu' l(‘clmic!il purpose'. l'’or gennu-al purposes the double- 
type* is unde)ul>1 e'dly tbe^ me)st, siitisfjie't.en'v. 

tphs. An iinaglyph is ii. ste're*e)gniph in whie'h l.he^ t we) vie'ws are re^spoed-ivefiy 
e'emiplinie'idiiry e-eilors. Ih'el anel gre'e'ii liiive*; be'e'n unive'rsiilly useul fe)r tiiis 
SineM' ii pie'turei e)f eiiu' pure* e'e)le)r elisappeears whe'n vieweeel t.hre)ugh it ghiss e)i 
ee>le)r and is ine)st. visible*, iippe*iiring bliie-.k, l.hre)ugb a euiinj)limend.jiry c,e)le)r, 
(*an be) remeleu'e'el nuit uiilly e*xe*lusi\.’e* l)y ii pjiir e)f s[)e*e*liiedc'S e)l tlu*; Siune* ea>le)rH. 
le) right \'ie*w is real, the* right spe*e*tive'lee must be*, grexui. d’he light spaees ill 
ii])pe*ar in beitb vie^ws l)ut, being e-einiplinientsiry e*e)le>rs, fuse as white. 
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The advantages of this system are (1) the two views may be superimposed, thus 
allowing prints of any size to be used; (2) the space is only one-half that used for th(^ 
same size in other systems; (3) the spectacles may be simple cellophane masks and 
consequently fiat and very cheap. 

These facts make the system the best for publication work. Numei'ous magazines 
have published anaglyphs inserting masks in each copy of the issue. The system has 
been, and is, extensively used in aerial photography publications. 

The disadvantages of the system are (1) the difficulty of getting proper dyes, (2) 
the great absorption of light through the masks, (3) the inherent impossibility of mak¬ 
ing colored stereographs, (4) the green and red colors do not fuse into white a.roun<l 
the edges of objects against a light background, but (5) leave an edge of color ov( r 
that part of the background which is obscured by a foreground object in one of the 
views but not in the other. 



Fio. 8.—Stereo viewing device using polarizing plates. It is tiecossary for the observer 
to wear polarizing glasses to obtain the fusion of images. 

Negatives used lor anaglyphs should bo very sha.rp for satisfactory fusing. Stoj)- 
ping down the lens aperture is consequently recommended when making n(!gativ(\s for 
this purpose. 

In viewing an anaglyph the i>lane of the paper is usually obvious. The bcsl 
impression is received if the scene seems to stand out from the paper nitheu' than rtuHMh' 
into it. This is achieved by printing so that correspondingly distant points in ( he two 
views are coincident in the superposition. If foreground points an; eoiinddeut, the 
scene will recede into the paper. 

Pularoid Systetn .— A very convenient, recently developed form of vi(;\v(;r involve.s 
the use of Polaroid, a material whieh polarizes light. This viewer is sJiowu in J''ig. S. 

Tlic H and V are sheets of Polaroid mounted at right angles to eacli otlier. TIh",- 
pi)larize the light from the two lamps horizontally and vertically, rosp('(;tively. Tlit* 
transparencies representing the right and loft views are inserted betw(;en tlie ground 
glass and the Polaroid. The sheet C which makes 45° angles with tlie Ih)laroid sheets 
is a half-silvered mirror which transmits one-half the incident light and reflects oiu'- 
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luilf. Thus an observer at A receives the reflected one-half of the horizontally polar¬ 
ized light and the refracted one-half of the vertically polarized light. 

If the observer wears a pair of Polaroid spectacles in which the right glass is polar¬ 
ized vertically and the left glass horizontally, the views are rendered mutually exclu¬ 
sive a,nd a stereoscopic fusion results. 

Theoretically there is only one possible position in which the obscxver may place 
his eyes and see the views orthostereoscopically. This can be approximately found b> 
moving the head back and forth until the view appears most natural. However, where 
the accurate judgment of depth is not of great importance there is a considerable area 
within which a normal scenic view of objects or persons appears quite natural. This 
area is large enough for six or more persons to view the scene at the same time. The 
size of the area depends upon tlie size and the cori'ect viewing distance of the plates. 
Ttu' larger these are, the larger tire area and the more persons who can view 
the sttn-eograph. 

As a device for showing stereographs to small groups of people, this system is 
unequaled by any other unless projection is resorted to, as it enables more than om^ 
persoir to view at the same time. 

A furtlier advantage is that Polaroid offers the possibility of making stereographs 
in color in which the illusion of reality is very startling. 

The only objection to the system is that the resultant view being enclosed in a 
visible box tends to seem restricted in size to the size of the box. At the present time 


it is fairly expemsive. 

Processing, Mounting, and Viewing Stereographs. Developing and Printing .— 
''I’he photographic proc^essc's of dev(doping and printing stereographs are exactly the 
same a,s for ordiiuiry photograi)hic work. In developing negiitives the photographer 
should aim a,t sliarp detail, low c.ontrast, and la.ek of graininess. All those are par- 
tieulaa'ly important in stcM-eogra,{)hs of Hma.ll size where the ma,gnifi(aitioa of the stereo- 
s(a)pe is large, /rhe t'limiiia.f ion of graitiim^ss is particularly important in view of the 
efh'.c.t of the pn^setice of the pljuie of f.lus plate on the hxaxtion of the image. 

I’or transparencies (>ith('r glass plat.es or films may be usc^d. The problem is exactly 
the sa.im‘ a.s that, of making huit('rn slides. 

Methods of obtaining (tu^ desinal n'.sults with nispect', to deta.il, contrast, and 
gra.initu'.ss a,re (lis('uss(‘(l (>l.s('wh('n; in tlu^ vchmne and iummI not be duplic.at.ed here. 

Rever.'fal of ]'ieirs. In ta,king .slcu’eographs with a. double-lens caanen-a., the two 
N'iews must Ix' t.ra.nspos<'(l int(‘rchatiged, th(' right. \'ku\' Ixdng put on t lx^leti. a.iul vii (' 

v(a‘sa..-hct'orc* vi(uving. j'(“a..sou tor t hi.s (xui heal. Ixi iiixhu’sl.ood hy Kancmheiing 

that. t.h(‘ negativx? in the ca.mera. ha.s t lx; ima.g(i on it iipsich; down a,ml r(rv(‘rs(xl Irom 
right to left,. 'I'lu' st.ereograph (xui.sixpiently ha.s two iipsid('-(lo\vn vicuvs sich; by suU'. 

If t he; plate is i‘olat<xl thi’ougli I.SO", llxi ( wo x'iews (X)me right side* up a,ml (lornxt, liom 
ht't (<' rigid., l)\i(. (Ix^ view (atx'U 1 ) 3 ' (he rigid, letis is now on (he leit a,ml vle(^ veisa.. 

('onse<iiH'ntIy (dl her t he nega,tive: or ( lx- result.a,nt i)osi(.ive must, be (-.lit ai)art and 

nmioutdod. . . . , 

If priid.s or nega.(iv('S are sei>a.ra.1e(l a.ixl it is desired to determine wlueh is tor Ux) 
right ('ye and which for the left, this can a,lmost a,lwa,.ys Im doixi hy inspex-.tion 

as follows: - i j 

rick a, sha,r|) [loint or vertical liixi in tlie foreground which a.pp('a.rs (putt; close to 

some sha.rp f('a.ture of tlx' l.a.ckgnxm<l. 'I’lx' horizoid.a.! (list.a.nee Ixvtwecm the.se two 
will differ in the (wo views, (Ix' dilTerence Ix'ing greal.er when (he ddh'rmx-e in depth is 
grea,t<u-. 'J'/ie vieio in- irhirli the foreground i>oint D fart heal to the right with, rn^pecl to 
the bdckgronnd f.s tlw hfl-eije tneir. 

Many of tlx* methods for making st.creogra.plis are primarily for ii.se wdh canx'ra.s 
alrcxulyon liand or n'adily availahh*. Since t he sti'n'oseopi* should have the same local 
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length as the camera, either a stereoscope must be obtained of approximately equal 
focal length or, if the stereoscope has a greater focal length than the camei’a (generally 
the case), the resultant prints should be enlarged. 

Reference to formula (1) shows that, if the stereoscope has a focal length m. times 
that of the camera, the print must be enlarged m times for orthostereoscopic viewing. 
As an example, the most common American hand stereoscope has a focal length of 
20 cm. With this instrument and a camera of 6 cm. focal length, the prints should be 
enlarged times. 

As the centers of the prints should remain a distance apart equal to or less than the 
distance between the optical centers of the stereoscope, any consideralde enlargement 
will cause the prints to overlap necessitating trimming. If a portion is trimmed off 
one print, the corresponding portion must be trimmed off the other. Since tiic left 
and right sides must be trimmed off the right and left views, respectively, both sid<‘s 
must be trimmed off both views. If this is to be done, the photographer must rtiinem- 
ber when taking the picture that objects near the edge of the finder may be out of l.lie 
final stereograph. 

To avoid overlapping much smaller enlargements than are theoretically c'.alh^d 
for can be used for general work. Though the resultant depth will be oxaggera,f(Ml 
this may add to the effectiveness of the stereograph rather than detract from it. 

A compromise is usually the best answer. It is recommended that the prints be 
enlarged to the point where overlapping begins, taking into consideration the possible 
maximum separation of the prints. The result can then be viewed in the stereos(H)pe 
to determine if the scene is objectionably distorted. 

Alignment of Prints. Horizontal Separation between Prints.- —On convergencio 
principles the distance between the two views of an infinitely distant point on the 
plates should be equal to the distance between the lenses of the camera and of the 
stereoscope. This can easily be done by picking some sharp point in the background 
of one view and measuring the required distance in the proper directi^)n for the sanuv 
point in the other view. 

Mounting should be done by measurement whenever possible. ITowov<u’, tlu^ 
distance between prints can be considerably lessened without any effect on <.h(‘ rtwult- 
ant image. With split-lens stereoscopes it is customary to mount the prints wit h 1 (nss 
separation. 

Thus it is possible for the photographer to mount the prints arbitrarily n,t a, <rhos(Ui 
distance less than the theoretical distance or by adjustment while vicnving tluun in the 
stereoscope. If the latter method is used and the photographcu' has a. grtaif cn- iJian 
average interocrdar distance, he shoidd be careful to place the prints somewhat closet- 
together than his maximum fusion distance. 

Vertical Alignment. —A line drawn between the two views of any point must Ix^ 
parallel to the line between optical centers, i.e., parallel to the line through f.he (\v<‘s. 

The eyes actually allow a small amount of vertical va,rijition bcvtwetm flu' two 
views. The physiological reasons for this are not clearly uiuUn-stood. 

The best way of achieving proper alignment is to place a straight<^clg(^ over the 
center of the two prints parallel to the lower edge of the inovmting c.ard. Tlum iuljusl, 
the prints so that the straightedge intersects the same points on ea.(^h. Tliis a.ssun>.s 
both vertical and rotational alignment. The center of the (uird and the (•(mt('r of Ihc! 
prints should be used, as this insures the prints being in the c(itd.er of the vi<nving a.n'a, 
with a consequent minimum of aberration. 

Proper alignment may be obtained by observation through the stereosc.ope. ''I''h(‘ 
breakdown of fusion as the prints get out of alignment is quite shtirp. One print c.M,n 
be placed in the center of its viewing area and the other moved until it is in th«i cent<,u- 
of the fusion area. 
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If the latter method is used, care should be taken that the rotational alignment 
is correct. One central point of both prints may be in vertical alignment, while one 
print is slightly rotated with respect to the other. The eyes will allow an appreciable 
rotation a,ccompanied by a twisting distortion of the imago without breaking fusion. 
This ca.n be avoided by watching the outside edges of the image, whei'e fusion breaks 
down with, the least rotation while tiie center of the image remains fused. 

It possibles, prints taken with a double-lens camera should not be cut apart until 
ready for mounting as the distance between the views and the vertical alignment of 
the prints is perfect in the uncut prints. By aligning corresponding points on the 
prints, parallel to tlie l)ase of the niounting card, with the prints centrally located, the 
four corn<u-s of ea.ch view may lie marked on the card. The prints can then be cut 
a.pa,rt and (iatvh inounkMl in tlio space formerly occupied by the other. 

Alignment of Transparencies. —'^rranspareiicies are ma,de with exactly the same 
Tuaterials ol which lant(vrn slides are made. Tliey may be made by printing dii'ectly 
from the uiunit m>gat.ive as follows; Place the left half of the transparency plate in con¬ 
tact. with the right halt of the negative lieing sure that the edges are pai'allel. Shield 
t he halves not in (a)nta.ct and expose. Place the right half of the transpai’ency in con- 
tn.ct with the h'ft half of tlie negative. Shield the halves not in contact and expose. 

A simple frame can be made for this purpose composed of three sections each the 
size of one view. Th(^ two end sections are shielded and the center one is open. 
'The negative and thc^ transparency plate occupy two sections each, overlapping 
in the center section. After exposure tlicy are shifted to opposite ends and exposed 
agaiti. Zeiss nmnufactures such a. fra.me. 

The value of this met.hod is that, once the frame is properly constructed, the align¬ 
ment and siia,(ang of the residtant tra.nspareucy is automatically correct. 

Alignment for Mirror if^tereoscopes. —In mirror sl.erooscop(is wliere large separate 
print,s ar(^ \is(mI, the |)thits can be (ait to fit against stops in tlui stereosiiope or they can 
be a.lign(al by obs(u'va,t ion. Tlie la,tt(‘r reejuires a little knowledge on the part of the 
observer of how to move the prints. 

(Uyrrect Vtenn'ng.- 'riu* print.s or transparencies being properly mounted must still 
be propi'rly inserted in t he stereoscope and the latter held level. In sliowing stcre<^- 
gra.phs t.o ixu-sons unfa,miliar with them, fusion is frcHpient.ly not a,cliieved, either 
Ix'cause the slides is not. level in t he stereoscope or because t.lie stereoscope is not held 
level wit.h t he eyi^s. liot h of t hese should b(' (duadcial for persons having difliculty with 
fusion. 

Aiijuslment oj iSt<o'<'(>se<>pe.- T\n', viewing of sl.<M’('()gra.})hs a.ft,(u* t.hcy ha.vc’i been 
pro])erly pla.ce<l in the sten>oseo|>e is cpiit.i^ simph'. Most. Uais-t.ype stereogra.phs have: 
focusing (h'vici's. It, will be found easier |,o a.e.hieve fusion a.nd involves less eyestrain 
if th(‘ carriage or t he l(‘ns('s ar<‘ brought forward t.o the proper position rather tluui 
sl.art.i'd forward a, ml iuovimI back. 

In mirror-typ(‘ sicreoseopi's no focusing omairs. Views set in a pa,rt.icula.r posit,ion 
may b<‘ ma(l(> to fus(^ by (dianging the distance of t he ('yes from l.he mirrors. 

An ellort. should Ix^ ma,de t.o obl.a.in a.n <'ven illu nunat ion over bot h vimvs whet.her 
prints or t.ra.nspa.r('nci<'s are us('d. "^I’lie d('gr<‘(‘ to \\ hieh ilhuninat.ion may differ and 
sal.isfa.cl.ory fusion occur is ei-rlainly <amsid<'ra.bl('. Ilowi'ver, uneven illumination 
makes tin' initial fusion a, gr<'a.t, deal mon' ditrnnill and (‘(U'tainly d('tra,cts from the; 
r<\sultM,nl, elTc'ct.. 

St.ereoscopi^s for bot.h jirirds and l,i‘a.nHpnrencies ca.n be (^(]ui|)p<'d with a light 
mount.ed in such a. way as t.o giv(^ an (nnui illumination. 

Wlum a. light, is used on |)ritds ca.r(' must lx* laki'ii l.o avoid gla.r('. As a glossy print 
ma,k(!s a, more satishud.ory baidiground t.ha,n a, dull orx', this glare e.tm lie considerable. 
It is .somelinu's ('liminati'd by wa,r))ing t.lx^ prints into a slight, curv(!. 
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Trans'pcLrencies vs. Prints. —The question of the use of transparencies as opposed 
to prints is largely a matter of personal preference. 

The light effect of transparencies gives a much greater ilhision of the actual exist¬ 
ence of light-filled space. They also have a brilliance which cannot be obtained with 
prints. Furthermore they permit the use of color in the same way that it is used in 
colored films. For these reasons they are genej'ally considered to be supei’ior. 

On the other hand prints are much easier to handle and not so susceptible to dam¬ 
age. They are much easier to view as individual photographs. They require less 
light intensity and can usually be viewed in any position without searching for a source 
of light, up to which they can be held. A number may be viewed, as single photo¬ 
graphs, at once for purposes of selection. For these reasons they usually give greater 
satisfaction to the beginner. 

Hyperstereoscopy-—If the separation between camera lenses is increased beyond 
the interocular distance the two resultant photographs of any object will be the same 
as could have been taken, using the interocular distance, of an exactly similar ol)ject 
both smaller and nearer the camera. 

On convergence principles if the base is increased m times the object will appear 
1/m the distance and 1/m the size. Thus, if the base is doubled, the resultant object 
should appear as a “reduced model’^ of half the size at half the distance. 

Since the ability to detect depth is much greater at greater convergences (see Tabhi 
I) the objects in this “reduced model’' will appear to stand out from their backgrounds 
much more obviously than in an orthostereoscopic view. The perception of depth is 
consequently enhanced. 

As the base increases, the convergence angle consistent with a reduced inochd int(u-- 
pretation becomes greater and soon passes beyond any value natural to l>inocular 
vision or stereoscopic viewing. Certainly at some point the eyes cease iutcu-prct.ing 
the image as a reduced model and begin interpreting it as a similar objeevt of iruu-tuised 
depth. This exaggeration of depth then increases as the base is furtbor in(‘.r(‘as(Hl. 

The entire phenomenon of the interpretation of hypcrstereoscopic; ima.g(\s ihhhIs 
more thorough investigation before more exact statements can be made con<HU-ning it. 

In aerial photography it is usually assumed that the most natural nOicif, or tlu^ 
nearest approach to a properly shaped image, is obtained when the two views of a 
point on the ground appear the interocular distance apart in relative position on thc! 
two plates. The base for this most natural relief can be cahnilated from the formula 

B = j (5) 

where B = distance between cxi^osures in feet; 
e — interocular distance in inches; 
d = height of camera above ground in feet; 

/ = focal length of camera in inches. 

If the base as obtained from this formula is exceeded, the resultant stm’cosc.opic 
image is certainly exaggerated in depth. By tliis means low buildings can be inad<^ to 
appear as skyscrapers and normally iixiperceptible details of relief can be madii 
apparent. 

The hyperstereoscopic effect, if judiciously used, can add grciatly to a, sterc'ograph's 
effectiveness by its strong emphasis of the depth quality. It is Ixist used on mountain 
or landscape views which have few foreground objects. 

From considerations of the limits of stereoscopic vision, objects over 2000 ft. away 
must be photographed with an increased base if any stereoscopic eff<M‘.t is to \:h'. 
obtained. The photographer need not expect any pronounced binocular effect of 
depth on objects over 1000 ft. unless he uses an ineniased base. 
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Projection Systems. Fundamental Problems .—The projection of stereographs 
involves certain problems not present in individual viewing. These are: 

1. The projected stereograph must be viewable from a number of different posi¬ 
tions. This presents two major problems: that of keeping the stereographs at equal 
distanc^es from the eyes and that of distortion due to oblique viewing. 

If the projeci.ed stereographs are large and side by side thej'- will be at different 
distances from tlui eyes of all observers, exc(q>t tliosc near the normal to the center 
of the sci’ceu. This difference in size increases as the observer moves farther to the 
side or neai’er to the sc!reen. If fusion can still be maintained, the qixestion of eyestrain 
arises. 

This difficulty cannot be cured bj'- devices involving mirrors, prisms, or lenses at the 
eye unle.ss each observer ha.s a device suited to his particular position. It is com¬ 
pletely ciu'od l)y systems which permit the superposition of the two views. Anaglyphs 
and the polaroid system are of this type. 

The prolilem of distortion is much the same as that in a motion-picture theater 
complicated and emphasized Viy the presence of depth. Theoretically there is but one 
correct vi<nving point. From this point there is an increase of depth as the observer 
moves back and a decrease as lie moves forward. In addition, as he moves to the 
side, th(^ s(ume a.ppea.rs narrower and twisted, objects on the near side of the screen 
moving towa,rd t lie obsm-ver with respect to objects on the far side. 

Such ilistortions arc', in general scenes, not too annoying. In the event of three- 
dimensional movies on a, large scaile, theat ers may be made somewhat narrower than 
is now the custom. 

2. The stc'rc'ograiihs must be made mutually oxelusive to the eyes of a number of 
individuals. This lu'ia'ssita (c's some form of stereoscope or spectacles at the eye of 
every oliservi'r. This introdiuais ( lie problem of (ixpense, and, as a commercial proposi¬ 
tion, tlu' ovm-iamiing of tlie slight annoya,nce entailed. 

The only po.ssibility of separating the stereograms for every observer at the screen 
rather tluui at tin' oyoH sci'ins to lie in tlu^ Ivi's’ system (see page 590) in which other 
difficultii'S ar<' almost insuptu'abh'. 

3. The in(u-eas('(l didiculty of getting the proper separation between views. This 
probhun doi^s not. ai'isi^ if tlu' system permits superposition on the screen. If views are 
placed sid<' by side, otu' above t he otlnn', or in any otiuu- position, mirrors or prisms 
must. b(; us('<l at. t he eyi's to (‘Heed, fusion. 

d. If mot ion [)ic( urc's are con(.emplatial, t he mhlit.ional jiroblems of synchronization 
of shuttm-s and films pn'sents itsi'lf t.ogeth(u- with the doubling of a, number of expenses. 

No d(‘t a.il<‘d discussion of th(' a bove' [n-obh'ins or of tlu^ following systems is given, :i,8 
th(^ fi('ld is still in tlie lal)oratorv stag('. 

'I’he anaglypli sysli'in is llu' sa.m<' as th:it disi-ussed on i)a,ge 583. Its a.dvantages 
a.nd disa<lva.ntag('s an' llu' sanu' as s<'t. fortli t.lu'n'. Its c.hi('f a.dvjnd.a,ges for projec.tion 
work li(' in the ability to snp<'rimpose th<' vic'ws and in it.s t-luia|)ness. Its chiel di.s- 
a,dva.nla,ges lii* in the lo.ss of ligld du<' t.o tlu' colors I'lnployiMl a,nd its ina,du.i)tability to 
color work. 

In anaglvphie movi»'S t he ('dg<'S of color a.round moving objcad.s against a, light fiedd 
<'a,us(^s an annoying flashing of color. IIow('V('r, ana,glyphic movies havt^ bc'i'ii succ;ess- 
fully shown as a, nov('ll\' in .\meriea,n .-ind t'ontiiuud.a,! t.h(ait.('rs. 

Th(' Polaroiil systc'm is t he .s-me as t ha t discusscal on iiage 58 b 'Tlu' two views are 
proji'ctcd through Polaroid ivml superimposc'd on I,he scnu'in. d'lxi a.dvantHges of t.he 
syst.i'in li<' in the possibility oi superposition a.nd ol using (a)lor. On the ot.hm' hand 
powerful light, source's an' nec'de'd owing t.o the cutting out of a, la,rge portion of the 
light in polarizing. 'I'his <l<'ma.n<ls th.at, a.n a.d<'(^ua,f.(^ syst.c'm of cooling tlie bulbs lie 
dc'visi'd. The Polaroid Corp. is rapielly (ameiuering the dilhculties in this system. 
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Ives’ System .—Figure 9a represents a scene in space photographed by a battery of 
cameras. Figure 96 represents the scene replaced by a screen which has the charac¬ 
teristic of reflecting all incident light in a horizontal plane directly back upon itself 



(a) Cb) 

Fig. 9.—Diagram illustrating the steoescopic system devised by H. E. Ivos of the Bell. 

Telephone Laboratories. 


while diffusing it vertically. The cameras are replaced by projectors proj<'.cting the 
respective pictures. 

It will be seen that the eye located anywhere in view of the screen sees n vnu'tical 
strip of the projected view fronr each camera. The eye, being below the direcd. rays 

from the projector, does not intcu’fen*. It 



Fig. 10. —Stereoscope viewing device 
designed for educational purposes. 


thus builds tip from tlie various strips the 
complete image of the original siume as it, 
appeared from its location. Kiiua^ lauli <\ve 
does this for itself, tlie two images ar(^ dillenmt 
and mutually exclusive. (•otisiHpu'n (ly a 
stei-eoscopic image results. 

A screen having ( lie mv.essary c.hnra.<d ('ri.s- 
tics can be made from vertiitjil t.ru.uspar<mt rods 
ground cylindrically on the front, and rear sur¬ 
faces with the rear surface paint.i'd with a, 
white dilTusing pa,int. 

This is the mel.hod of H. K. Ivos. 

Such a system would lie pm'fect, if tin* 
number of cameras approa,clu'd infinity and 
the width of the scri'cn rods approaclu'd zm-o. 
As the number of ca.m(ira.s (haua'ase and (he 
width of the rods increases, the resultant 
image becomes moixi obviously a series of 
vertical strips. 

The system has lieen demonstratial 


experimentally. Obviously it is (mormously 
expensive and commercially entirely impractical. It is of interest as being the only 
projection system wdiich can be viewed by a number of persons without any device at 
the eyes. 
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Full technical information is obtainable in the Journal of the Optical Society of 
America, vol. 21, pp. 109-118; or Bell Telephone System, Technical Publications, 
Monograph B-550. 

Distortions and Aberrations.—Any change in shape of a stereoscopic image from 
the original scene should be classified as a distortion. For purposes of convenience 
changes in size have also been included in the following discussion. Certain of the 

TabijE II.— Distortions and Aberrations in Stereophotography 
Distortions in Stereoscopic Images 


Sjffect on 
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SuhHiD’ipt s: *S to st ; (1 h'I’ith to 

f l<Mwr,th; 

d ' (listdiruM* of plut(* from l<‘ns(*H; 

M (ion t ion of 

/^ flint HiuM* h<‘t\v<*('M option! <’(Mi(d‘rM of If^nnon; 
o inl.oroouliir flintnnoo. 

cleuKuits a,using t.lu'.sc^ linv(^ Ixuui dis(uisHcd on page 573 under TiOcjition and Size of 
Itnag(!S a.nd on i>!ig(' 5(SS undc'r I lyperH(.er(X)H(X)py. 'rii<;s(^ will not. Ix^ dis(';usse(l again 
Ihu'c, 

Other distort ions aris(“ from many (*a.uH<\s wtuui th(‘ condit ions for ort.hosl.ereoscopy 
a.r(‘ not fuHilhxl. As l lx^ a.<d.ual iniag(^ formation is a. (composite of a nuinl)cu‘ of vari¬ 
ables, tlu^ distort.ions lisl.ed in Tabl<‘ 11 a.nd t he sul)se(pi(*nt discussion a,r(^ tln^ tcmchuicicis 
S(d. up by f ix' (‘omlit ions which (rausi' t.luuu. These must be weigh t(xl against tlu; other 
lactors j)r<>s(‘nl, 
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Improper mounting may cause distortions: 

If both views are rotated around their individual centers in the same direction 
the entire scene is twisted in that direction. This is liable to occur if mounting is done 
by eye, for, if the first print is not level, the second will be rotated to obta,in 
fusion. 

If the views are rotated in opposite directions, say the bottoiiis separated a,nd tlie 
tops brought together, then the bottom area will recede and become smaller while the 
top area approaches and becomes larger. 

If the stereograph is improperly placed in the stereoscope, the following distortions 
may occur: If it is tipped forward or backward from the vertical, the image loses height 
while the approaching portion comes nearer. 

If the stereograph is not parallel to the line between the lens centers while fiisiori is 
maintained, the image is twisted in the same direction while losing width. 

An occasional individual has no capacity for stereoscopic vision. The chief rea¬ 
sons for this are the habit of depending on a master eye or the fact that one eye is 
considerably weaker than the other. No accurate figures are available, although the 
number of such individuals is said to be in the neighborhood of 8 per cent of 
the population. 

With lens-type stereoscopes chromatic aberration occurs. In full-lens stereoscopes 



in which the eyes are centered on the optical centers, white areas to the left of center 
blue on the left side and red on the right. Areas to the left of center appear 
the reverse. 

In split-lens stereoscopes white areas in the left-side view appear bluo on the right 
and red on the left. White areas in the right-side view appear the reverse. In tlui 
fused image these somewhat cancel each other though a band of color remains. 

These effects are never bothersome, the edges of color generally being very fine and 
only detectable if attention is directed to them. Such aberration can be corrti(d.ed l)y 

the use of crown and flint glass in the stereo¬ 
scope. In general the e.xpense of doing this is 
greater than warranted. 

The presence of rc\sidxial color in anaglyphs 
was mentioned under that sxibjec.t. 

If the lenses of the ster<ioscop<i an^ o.\iudi 
duplicates of those ol the camera, no splun’i<^a.l 
aberration will occur. If the c.urvatun'. of t.lui 
lenses is different or if mirror stercioscopc^s !ir<^ 
used, such aberration docis occur. It is (exactly 
the same problem as is present with an ordinary 
single-lens camera and need not be discu.ss<‘d 
here. 

Miscellaneous Applications. Attironorny.- 
Stereography has certain limited us(xs in astron- 

Fig. 11. —Graflex camera fitted these are based on motion of t.lu* 

with two lenses for stereoscopic astronomical body with respect to the (;arl.h. 
photography. Stereographs may be made of the moon, 

owing to its librations. Theseslight oscillations 
are the same as a rotation of the moon. Consequently two views taken at opposit<“ 
ends of a libration cycle will show a stereoscopic effect. 

Stereographs may be made of astronomical bodies which move appreciably against 
the background of the stars. This is done by photographing them twice so that th<‘y 
appear shifted against the background. Aside from the fact that the object photo¬ 
graphed, a comet or a planet, does stand out from the background in a stereoscopic 
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tManner such stereographs have no technical value whatever, as the resultant depth is a 
completely false one. The object shoves no depth within itself. 

Cloud stereographs can be made in the same manner, provided there is some 
lateral motion of the clouds without an accompanying change of shape. The farther 
the clouds move between views the nearer the earth they will appear. 

The possibilit,y of applying stereography to other astronomical phenomena are 
extremely limited. They certainly are restricted to the solar system. The maximum 
possible base is twice the distance of the earth from the sun or 186,000,000 miles. 
From fornuila (3) this means that a star would have to be within light year of the 
sun to show any relief against an infinitely distant backgrouird. The nearest star is 
greatly in excess of this distance. This shift is, of course, used to 
(uea.surc! the distances of near stars, as a much smaller angle can be 
mea,sured than the ey(; ca.n detect in a stereograph. \ 

Wide-angle The angle of view of a normal eye runs to 120° ^ ^ 

or more. The average stereoscopic camera (iovers an angle in the ^ 

neighborhood of 60". This imposes a restriction on stereographs ^ ^ 

whicih detnn!ts from their reality. ^ ^ 

A lens system is available which satisfactorily increases this angle ^ 
up to 90°. The system is practically free from chromatic aberration v 
and is <*.orrected for distortion. It involves two lenses as shown in 

Idg. 12. Complete teedmical information on this system can be found ]^2._ 

in L. F. W. von Albada, A Wide Angle Stereoscope and a Wide Angle Diagram of 
View Finder, Trana. Optical Sac.. {London), vol. 25, no. 5; and in A. wide-angle lens 

W. Judge, ‘'!St<n-eoscopic Photography.” eoscopes°^ 

Psetidoiicopic V’'fcai,s-.—If the two views of a sterciograph are trans¬ 
pose^! so t.hat. the right eye sees the left view and vice versa, a pseudoscopic view results. 

If the st(‘r(M)gra,pli is of s<ipara,ted ol)jects the order of depth of these objects is 
rev(‘rs(ul, i.e., tlu' ba.cUgrourid ol)je(d.s ai)p(^a,r in the foreground and vice versa. 

If th<‘ stercogra.ph is of a simi)le gcmmetric figure or of such a nature that the solidity 
of thc! obj(H*t <‘an Ix^ reverscxl without tlestroying its meaning, such reversal will occur, 
'rims a, ps(‘udoscopic Htcr<H)grn,i)h of tlie pyramid in Fig. 1 would appea,r to be a pyramid 
with t he bas<‘. in t.lu^ forc^ground a,nd t.lu^ a.i)ex in tlu^ background. 

In normal scemes including ])erHons, buihlings, or landscapes, the pseudoscopic 
s(<‘r(H)graph l(^a,ds ordy to (tonfusion a,s the <l(‘i)th factors indicating tlui tru<^ scene arc 
oppos(!(I to the i)S(Mi<losc()pic factor. C’onfusion and loss of depth are the result. 


Fig. 12.— 
Diagram of 
wide-angle lens 
system for ster¬ 
eoscopes. 
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CHAPTER XXI 


PHOTOGRAPHY BY ULTRAVIOLET AND INFRARED 

By Waltek Clark 

The visible spectrum, rniiging from wavelengths 3900 to 7600 A., covers a very 
STtiall portion of the known spectrum of radiation which extends from the short cosmic 
rays to the long waves of radio. The invisible wavelength region shorter than 3900 A. 
constitutes the idtraviolet, which may be considered to have its short wavelength limit 
a.t 136 A. It merges into the X rays and is customarily divided at about 2000 A. into 
two parts known as the far and near ultraviolet, the latter being the region which 
borders on the visible spectrum. The invisible portion of the spectrum which is an 
extension of tlie visible into longer wavelengths is known as the infrared. As the 
infrared wavelengths become longer, they constitute the heat rays, and these merge 
into the long Hertziian or ni,dio waves. 

The first invisible part of the spectrum to be discovered was the infrared, by Sir 
Willia.m Herscliel in 1800. Herscliel passed a thermometer tlirough the spectrum of 
I lici sun and found tha.t tlie t(unp(u-atures recorded were higluu- beyond the red than in 
t he vusihki region. Tlie ultraviolet w'as discovered shortly a,fter tlie infrared by Ritter 
and Wollaston, wlio showed tliat the blackening action of sunlight on silver chloride 
oiunincd readily in the part of the spectrum lieyond the visible limit in the violet. All 
salts of silvei’—in particular the lOiloride, bromide, and iodoliromide used in photo- 
gra,|iliic papers, plates, and films—are smisit.ive to ultraviolet radiation. There is 
also sensitivity in t.he visibh' violet and bhui and, in (tie (ai.se of the bromide and iodo- 
bromide of negative nia.t('ria.ls, in t he blue-green. In onhu- to (extend the response to 
i.lu^ nunainder of the visible green, t.he nal, and tlie infrared, it is necessary to resort 
1.0 sensiti/ang by means of dyes. (lommenuaJ photographic plates and films a,re avail¬ 
able which piamiii. |ihotogra.phy of the whole spectrum from about 2000 A. in the ultra- 
vioh't to Ix'yond 13,000 A. in t he iid'ra.red. Tlu^y proviih^ the physiiust. and a.stronomer 
wit h ( lu'ir most, (xuiv'enient nu'ans of rt'cording sjicsd ra. over l.his region, and ha.ve ma.ny 
of.her spcaua.! applitail.ious in the tu^lds of s(uenc.e a.n(l ti'chnology. 

ULTRAVIOLET PHOTOGRAPHY 

Although all normal photographic platias and lilnis ari^ sensit ive^ to ra.dia,t.ion in the 
Hear ult raviolet., at a. wavelengt h of about 2600 A. t.he gela.t.in of l.lu^ (miulsion begins to 
absorb t he rays, and at. 2000 A. t his absorpt ion is so grea.t. t hat, plates a,nd films will no 
longer respond. This wavelength, thend'ore, repn'simt.s the shortlist whitdi can be 
r(‘cord(xl on eomni(u'(ual plat.i^s and films unless sp(>eial (umdit.ions ari^ (unploycd. If 
it. is desiri'd to |)hot.ogra.|)h by wavelengths shorter t han 2000 A., it. is iH'c.i'ssa.ry to use 
plates having V(U\\' lit.tie gidatin, such as the so-ea.lle<l “Seliuma.nn |)la.t('S,” or t.o trea.t 
normal {)lat.i\s with a. substa.nei' which fluorc'sees in t.li<( short, wa.vidength radiation, 
emit.t.ing light, of longer wavi'lengths to whiidi t.h<‘ plate is readily’ siuisitive. If t.he 
ca.mera is fit.tiHl wit h lenses of (piart.// inst i'ad of glass, wa,v(dengt hs down to 1860 A. 
are })a.Hsed t.o t he filat.e, providcal t hey do not. have to t ra.v('l t hrough a. long j)a.t.h of air, 
t h(' oxygi'ti of which Ix'gins to (‘xiad. a. st rong absorpt ion at. alxnit. 2000 A. Opt ical 
glass, such as is normally used in camera lensi's, absorbs the ultraviolet strongly at 
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wavelengths shorter than about 3300 to 3500 A., the actual limit depending on tlio 
nature of the glass. For photography in the region from this point to 2000 A. it is 
necessary to use quartz lenses. 

There are two distinctly different ways of using ultraviolet radiation for taking 
photographs. The first of these, called the “reflected ultraviolet method,” is strictly 
analogous to ordinary photographic methods, whereby the photograph is taken by the 
light which is reflected from the subject. In the case of ultraviolet photography by 
this method, the source of radiation, or the camera, is provided with filters which 
transmit only the invisible ultraviolet and allow no visible light to pass. The second 
method, known as the “fluorescent light method,” depends on the ability of ultraviolet 
to induce visible fluorescence in some materials. The ultraviolet is absorbed l)y the 
material, and energy is reemitted in the form of visible light. The wavelength of the 
fluorescent light is always longer than that of the ultraviolet which excited it, atid its 
color may range from, violet to red according to the nature of the material. In ad<Ii- 
tion to the fluorescent radiation there is always present some xdtraviolet which is 
reflected directly by the object. This reflected ultraviolet is invisible, but it is mucih 
more effective photographically than the fluorescent light. In the fluorescent-light 
method it is desired to make the exposure by the fluorescence alone, and it is therefore 
necessary to prevent the reflected ultraviolet from reaching the lens of the camera. 
This is achieved by placing over the lens a filter which absorbs all the ultraviolet but 
which allows the visible light to pass freely. Although the reflected ultraviolet method 
is very frequently used, the fluorescence method is the more important. There is no 
general rule, however, by which the appropiuate method can be chosem. If it 
is required to show detail which can be seen by the fluorescent light, it <!a.n be photo¬ 
graphed by the fluorescent-light method. If detail is not shown in this manner, it may 
be possible to reveal it by reflected ultraviolet photography, but only experiment will 
tell. The reflected ultraviolet method is the quicker of the two, and, if convtmicnt, it 
should be tried first. 

Soixrces of Ultraviolet. Sunlight .—Ultraviolet is present in the radiation from the 
sun but to an extent of less than 5 per cent, as compared with 41 to 45 per ccnl in tlu^ 
visible and from 50 to 58 per cent in the infrared. No radiation of wavelengl.h shorter 
than 2900 A. reaches the earth from the sun, and the actual thre.sholtl varies with tlui 
atmospheric conditions and the elevation of the sun. Some ulti-aviohd, photograplis 
have been made out of doors using sunlight as the source, and some of the i>la,n<d.H have 
been photographed by the ultraviolet in the sunlight which they reflect. M<>ans luivc^ 
been proposed for using the sun as a source of ultraviolet for photograpliy indoors, but 
they are inefficient, and in general the sun can be eliminated as a soui-ee for geiuM'a,l 
ultraviolet photography. 

Incandescent Tungsten^filament Electric Lamps .—The amount of ultraviohd. energy 
in the radiation from the normal type of electric lamp is so small that the lamps ar<‘ 
not suitable sources. By using overvolted lamps the ultraviolet intensity is incroa,s(Ml 
but not suflftciently to make the lamps of importance for general use. 

Carbon-arc Lamps .—The carbon arcs provide the highest tempc'ratures availahle 
in artificial light sources, and together with the sun they are the soxirces most usial for 
ultraviolet therapy. By mtroducing metal salts into the cores of tlic^ (airbons, manu¬ 
facturers have been able to increase the emission of radiation in various parts of iln* 
spectrum, including the ultraviolet. Such carbons are made for therapeutic^ purposes, 
an example being the National Carbon Company’s Therapeutic “C” carbons. Most 
carbon arcs, including the Sunshme, Sun, High Intensity, and White Flame arcs, haves 
a strong emission at about 3900 A. They are suitable soiirces of near idtraviohd inso¬ 
far as energy is concerned, but they have certain disadvantages which inclinh' disin¬ 
tegration of tlic carbons, inconvenience due to heat, and iumhI for attention during 
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operation. If a studio is equipped with them, however, they might well be used. 
Enclosed metallic arcs, such as the Pointolite and Tungsarc lamps do not have suffi¬ 
cient energy in the ultraviolet to be of general use. 

Gaseous-discharge Lamps. —The gaseous-discharge lamps, particularly the mercury 
arcs, provide the most convenient sources for ultraviolet photography. The earliest 
form Muis the Cooper-Hewitt mercury-vapor lamp, which consists of an evacuated 
glass tube containing mercury and two metal electrodes connected to a source of elec¬ 
tric supply. An arc discharge is caused to pass between the electrodes by tilting the 
tube to make and break a conducting link of mercury or by applying a high potential 
across the electrodes. The light from the tube consists of the emission spectrum of 
mercury vapor. The f^trongest line in the near ultraviolet, and the one most useful 
photographically, is that at 3650 A. Improvements in the lamp consisted in introduc¬ 
ing a, consideral)lo pressure of mercury vapor and introducing rare gases into low- 
pressure mercury tul)es, provided with electrodes of oxides of the rare earths and 
heated l;y a. tungsten hhuuent. A very eliicaent typo is the higli-pressure mercury 
lam]) in wliich oxid(^-<'oa.t(Hl electrodes are used arid the mercury is at a relativel^^ high 
pressure, the amount present being limited so that it is all vaporijicd before the normal 
operating temperature is roacluHi. The most recent types consist of a short narrow- 
bore (puirlz; (‘apillary tub(‘, and they opc^ra,te at mer<;ury-va.por i)resBures up to 40 atm. 
in the open air and several hundred atmosplieres when water-cooled. These capillary 
lamps emit cmergy of v(uy high intensity, but there is a strong background of continu¬ 
ous Hp(H‘trum in addit ion (.o tlu'. nuu’eury liiu^s. In addit.ion to ordinary ghiss, ujorcuiry 
lamps a.re ma.d(' of glass having transmission ra,rt,her in the ultraviok't, sucli as Conung 
C'On'x A, C'or('x O, a,nd Pyrex. I’or tin; hig'.iest ultra/viohd. eitiission, (]ua,rtz tulx^s are 
us<'d ins(('ad of glass. Tlu' hunjis a,r(^ of various sha.p<\s, nnunly long straight tubes 
ami tul>(^s Ix'iit. into U or M form, and a.r(> matiuhud.urc'd by tlu^ ChuK'ral Ehada'ic' Va.j)<>r 
Lamp C'o., Ilobokc'ii, N. .1., a.nd the; Ibutovia. Cdi(nniea.l and Mfg. tl)., Newark, N. J. 
Most, ot theses lamps art* desiginal lor gcan'ral studio illumination, labora,tory work, and 
as light, source's hu' enlargers. Tlu'v <*a.n obviously b(^ r(^;ulily a.da.ut('d for (a>jiying by 
ultraviolet. In ordei- to (uisure the maximum of (loiuuuuenee for this type of work, 
L. Ih'ndihson, of th(' Huntington Libra.ry, Ha.n Ma,rino, dalif., deisiginxl a, cpuirtz; 
nu'n.ury-va|)or lamp in Mu' form of a. si)ii'a.t, whi(dv <a)uld be phx'.ed in a. nndal r(^flcM‘.tor 
round t h(^ (ainiera, lens. The. sun la.mi)s S-1 and kS-2, ma,d(^ by the; Chmeral Eha-tric 
may la* cla.ss('d as nn'i-eury-arc larni)S, although some light is ('initted from inca.n- 
d(\s<'<'nt. t iingst.c'n eh'irt'•(»(Ics. ddu're tiro t wo ('hu'.tnxh's bridge^d by a, lila,merit in a,n 
<'va.cuat.<'d bvdb containing nu'rcury. Wlu'ii a. volt,a.g(^ is a.iiplied to the filament 
t hrough ail appropriate t ransformer, an arc. forms in tlu; nuu'cury vapor between the 
elect.rodi's. ddu're is high (*nergy (unission at. t in' 3650 A. lin<^ and a, strong cont.iniious 
spc'ct ruin du(' t.o t.h<^ lilanunit.. Tlndnilb is of ul tra,violet-tra,nsinit.t.ing Clon'x glass, a.nd 
tlu' lamp may he usc'd for ultraviohd. [ihot.ogra|)hy ifst.eps a,re i.a.k(ai to filter out, t.he 
visible spectruin. 4'h<^ lamps a.re not so etlicaent a.s the other m<u’(!ury-disc,ha,rg() 
lamps for phot.ographiii purposes. 

Ot/icr /Sources, ddieri' a,re nniny ot.hm' sources whiidi ha,ve a. strong emission in t,he 
ult,ra.vi()let,. Tlu'y incluihi imdallic a.r<*H, such as t.hose wif.h I'leid.rodtis of iron, ('.had.rii! 
sj)a.rks, and Ch'issler t.ub(\s. d'lu'y a,re. of gr(ia,t iinport.a.ma) for sp<Hd,rogra,phy but arc 
not, (Minvenii'iit, for geiuwal ult.ra.\'iolet, phot.ography. 

Filters. I'dltcrs for ultraviohd, photography a.r(^ of t.wo kinds: (1) those which 
transmit ttni ultraviohd, and a,bsorb visibh^ light,, and (2) t.hose: which a.l)Sorb the ultra¬ 
viohd, a,nd i.ra,nsmit visible light,. In phot.ograiihy, filters of t he first, kind a,re used over 
the source, or ovi'r the lens, by ndlec't.ed ult.ra,violet. ddiey gi'iierally consist of a 
special glass containing nickel oxide and are of a very ch'i'p purjih' or ojiaipif: appi'ar- 
ance. Those in most common use a,re the Wratti'u No. ISA filter, v'/hich is usually 
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employed in the form of optically worked sheets over the lens, and the Corning glass 
Violet Ultra No. 586, which is available in the form of molded and polished squares 
for use over the source and which can be optically worked for use over the lens. Some 
other Corning glasses are suitable provided a certain amount of transmission in the 
red can be tolerated. They are the glasses: Heat Resisting Red Purple Ultra No. 587; 
Red Purple Ultra No. 597; Red Ultra No. 584; and Red Purple Corex A No. 986. An 
ultraviolet-transmitting glass made iri England by Chance Bros, and Co., Ltd., is 
known as No. 14 Ultraviolet, while the Jena Glass Works of Schott und Gen, in Ger¬ 
many, make similar glasses known as UGl, UG2, and UG4. All these filters transmit 
a relatively narrow band of ultraviolet, extending roughly from 3000 to 4000 A.., with 
a maximum at about 3600 A. They are therefore very suited for isolating the 3650 A. 
line of the mercury spectrum. The General Electric Vapor Lamp Co. manufactures 
Cooper-Hewitt lamps in which the tube is made of a visually opaque, ultraviolet- 
transmitting glass known as Nico. Many other filters transmitting ultraviolet and 
absorbing visible light have been described, but in general they are not so convenient 
or efficient as the glass filters. Perhaps the most interesting is a plate of quartz or 
ultraviolet-transmitting glass coated with silver, which has a transmission band at 
3200 A. 

Filters of the second kind, absorbing ultraviolet radiation, and transmitting the 
visible freely, are used in fluorescent light photography on the lens of the camera. The 
most used of these is the Wratten No. 2A filter, which absorbs all radiation of wave¬ 
length shorter than 4100 A., and transmits the visible fully. The Wratten No. 2 
Aesculine filter absorbs below 3900 A. but is fluorescent, and the No. 2A is to be pre¬ 
ferred. Many types of liquid filter have been proposed for this purpose, but some of 
those which are often recommended are not very efficient absorbers. A layer of a 
solution of cerium ammonium nitrate, 1 cm. thick and containing sulphui-ic acid to 
dissolve the salt in a concentration of 0.1 per cent, absorbs below 3750 A. and in 1 per 
cent concentration absorbs below 4600 A. A layer of triphenylmethane solution (0.5 
g. in 75 cc. cf ethyl alcohol) 1 cm. thick, a filter often recommended, is not satisfac¬ 
tory since it transmits freely above 3000 A. 

Cameras.—Any camera employed for normal photography is satisfactory for use 
in the ultraviolet by either method. For the fiuoresccmt-light method the normal lens 
may be used, as the photograph is made by visible light. The ordinary lens can also 
be employed for the reflected ultraviolet-light method, provided it transmits the 
wavelengths it is desired to record. For wavelengths sliorter than about 3500 A. it is 
necessary to use a quartz lens, and, if records are required Ixlow 2000 A., the huis must 
be made of fluorite. However, photography in this short-wavehmgth rc^gion is only 
possible if the air is evacuated from the camera arid if plates containing little g(flatin 
are used. It falls, therefore, outside the sphere of operation of the ordinary photog- 
I'apher and is chiefly of interest to the physicist recording spectra. The focus of a, lens 
in the ultraviolet is not quite the same as in the visilfle region, but little difficulty is 
encountered on this score if a small aperture is used. 

Photographic Plates and Films.—All plates and films are sensitive in the near 
ultraviolet to about 2000 A., although on account of the absorption by the gelatin 
their sensitivity begins to fall off at 2800 A. and is noticeably reduced at 2500 A. In 
the region from 2500 to 3900 A., however, jind in the visible region, normal photo¬ 
graphic materials may be used. The plate or film selected will depend on the speed 
and contrast desired, the choice being made in the same manner as for photography by 
visible light, except that it should be borne ia mind that the contrast in the ultraviohit 
is lower than in the visible, and plates and films of high contrast are prcferrcal. For 
photography by the reflected ultraviolet method the highest sensitivity is given by 
the noncolor-sensitized plates which have the highest speed to visilile blue light, such 
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as the Eastman 40. If contrast is desired and some sensitivity can be sacrificed, plates 
of the type of the Eastman 33 and Eastman Process and films like Eastman Commer¬ 
cial and Eastman Process will be satisfactory. For flnorescent-light photography it 
is necessary to use materials which are sensitive throughout the visible spectrum. All 
panchromatic plates and films will be suitable, although usually fair contrast is desired, 
and a material of the type of the Wratten Panchromatic Process or Wratten M plate 
will be selected. 

Methods of Ultraviolet Photography. Reflected-ultraviolet Method .—The subject 
to bo photogra])hed is irradiated with ultraviolet from one or two sour(*ns and is placed 
at the appropriate distance to give the evenness of illumination desired. To prevent 
visible light from reaching the plate in the camera, an ultraviolet transmitting filter 



Fna 1 Diagram whowinj^ illuiniiaint Tor r(^ne(r(,o<l ult ra-violet i>h()t-<>grai>hy. 

A—G. 22()-v()lt llorizoataJ Uviarc: burner 
S - Subject 

F—UIt.ravuolet 1 rauHinit-tiuK fill(u% Gorninjuc “ Ult ra” jUchiHs, NO. 5S() 

Ij "UltraA'ioh^t ahnorbin^i; ril(<*r, for j>h<>t.<)^ra.|)hy of nuorc'scanit* effeet-s, Wratten No. 2A 
Exposure on Wrutteii Process Pan<^hroniat.i<* I^la.t(\s 

With filt.<'r L about. 20 iniu. at. //4.5. 

Without filter L a.}>out. 1 min. at.//Ki. 


must l)c^ us(m1 ov(M' i.h(' sourca^ or huis. In tln^ roriiHU* cns('- tlie nuu’cury^vaix)!’ la-mj), or 
oi,h(u* sour(*<‘, should b(^ pljuaal in a v<mtila,t.<Ml r<dl(M*t<)r which is (*()mpl<‘i<4y (a)V(U’<Ml 
wit h a. iilti'T, such as (.h(‘ Gorning Viohd. Ult ra. No. hSti, ;in(l <)p<‘ra,t iotis must. t.a,k(^ 
pla,(*.cin a. l.ot.ally darkcuKal room. If tlu^ fil(.(u* (Wi'a-ttim No. ISA) is us<m 1 on (lie huis., 
th(‘ room may b(* Iigh(<aHHl. dduax' is a. (M>nvaancuna^ in applying tlu' hlt-m' to (Jn^ soin’(a‘ 
rather t.lain to t he hais, sima^ t.lu^ sannUighting unit (ain t h('n b<^ usial for t h(‘ (luorcNScaait.- 
Jiglit nud hod as wadi. If tht^ a.n*fvng<‘in(ait. shown in tdg. I is us(‘d, (auploying a. singh^ 
(Uaunail El(ad.ri(^ Uvia-rc 22()-volt horizontal l)urn(a’ with a. t'orning No, r)(S() lil(,(U’ ov(U' 
tli(^ la-inp and plaxdng t.lu^ lai!ip at. 20 in. from t.Iu^ subjead. to Ix^ (*opi(al, the laHiuircul 
exp(^suro wall bc^ of the ordiir of 1 min. a.t//l0 on (.h(^ Wra,t.t(Mi l^i,nchroina4.i(!: Pro(;ess 
plat <;. 
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Fluorescent-light Method .—The same a,rrangement of the lights can be used as in 
the previous method, but it is essential that the ultraviolet transmitting filter be used 
in front of them. A filter must be used on the lens to absorb the refiectcd-ultraviolet 
and transmit the visible fluorescence radiation freely. The arrangement shown in 
Pig. 1 is satisfactory, using a single Uviarc burner in conjunction with the Corning 
No. 586 filter and the Wratten No. 2A filter on the lens. In the conditions depicted, 
the exposure will be of the order of 20 min. at//4.5, using the Wratten Panchromatic 
Process plate. 

Applications of Ultraviolet Photography. Criminology .—The use of ultraviolet 
photography in detecting alterations in documents, in the examination of watermarks 
and postage stamps, and in revealing invisible writing will be dealt with in ( ho section 
on Documentary Photography. One of the most important applications of ultra violet 
documentary photography in the field of criminology is in the detoct.ion of forgery. 
Forged bank notes have been detected by the fluorescence of the i^apers but particu¬ 
larly by that of the printing inks, which may be of a different nature a.nd so fluomsc.e 
differently. Alterations in the inks of written or typewritten documents may Ixi 
detected by the fluorescence method, although it is not always reliable fcfr idcuitifying 
a particular ink. Writing may be deciphered on stained and wor’n doiuinumt.s and 
specific inks detected on used blotting paper if they have characteristic fluoixiscenci’;. 
Textile fibers, dyes, stains, and markings may be compared by their fluor{^s<‘.(‘nc(\ 
Stains of blood, urine, seminal fluid, and manure on clothes or other olij('c.ts, and 
vegetable particles, organic chemicals, pigments, grains of mineral origin, and oth(>r 
clues have been identified or differentiated by fluorcsceiuui photography. l''ing(u-- 
prints cannot usually be identified directly, l>ut they are reviialed <piil.e clearly if 
dusted with a fluorescent powder, such as anthracene, befoi-e photograjihing. The. 
method shows some promise for the detection of drugs, etc.., in body fluids. Adh(‘siv(\s 
and sealing wax which may appear identical to the eye may show differing lluort\sc(mc(', 
so that tampering with letters and packages may be det<^cta.l)h^. Its imporla.tua^ in 
the determination of the authenticity of works of art will be trea,t('d in a la.t.('r scxdion. 

Documentary Photography .—One of the most importa.nt applicat ions of ul(.ra.viol('(, 
photography is in the examination of documents, paiticularly those'; which hn.vc' Ixam 
altered by ago, or wear, chemical or mechanical erasure, substitution, and oxx'rwrit ing, 
and in the detection of secret writing. The fluorescxxice uietlxxl is the ttioix' useful 
because paper, parchment, pigments, etc., fluoresce when irra,(lia,(('d witli ultraviol<'(.. 
The extent of the fluorescence vai’ies with the nature of tlx^ ma.teria.1 a.nd t he t.rea (tiumt, 
which it has undergone. One of the earliest and most successful a,})pli<xit.ions of t h(> 
method was in the deciphering of the original writing on palimpsests. Th<'S(' ar<^ 
manuscripts, usually on vellum, from which the original writing lias been m<>cha,nically 
erased by fine pumice, in order that the clear surfaces so ohta.iiu'd may Ix' uscxl again 
by another scribe. Invisible traces of ink or pigment left ('udiedded in t.lu' vellum may 
fluoresce to a less or greater extent than the vellum its('lf. Usually it. is h'ss, and if 
a fluorescent-light ultraviolet photograph is made, the original writing will Ixi ix'vc'ahxl 
in the negative as lighter tlian the background. The method may ho. a.pplic'd to oduu- 
documents in which erasures have left invisible traces of the origina,! writing. Mra.- 
sures due to wear may be photographed in the same mamu';r. 

Chemical erasures may often be successfully revealed by the fluort'scen(.-light 
method. Ink eradicators are frequently used by forgers to remove origina.1 writ ing for 
which other writing or typewriting is substituted. By visible light, t.he rt'wriling 
alone is usually seen, while ultraviolet photography will often disclos(i the original 
writing. In many cases it provides the only reliable test. Secret, writ ing 1 )y so-(xdl(xl 
“invisible inks” may be similarly revealed. In general, where the i)a,p{'r Ims Ixxm 
chemically treated locally for any purpose, it is probable that the arenas of change can 
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be shown by fluorescence photography. Examples are the removal of foxing marks, 
collectors’ markings, names, dates, and invisible marks due to presence of saliva, milk, 
soap, urine, etc. Papers themselves fluoresce differently in the ultraviolet, according 
to the nature of the pulp, the sizing and other treatment of the paper, the age, and the 
kind of pigment or dye added to color it. Paper deliberately stained or dyed to repre¬ 
sent another in color may be detected by the ultraviolet if the d^ms fluoresce differently. 

Watermarks have been studied by the ultraviolet in order to distinguish between 
genuine and false ones. Artificial watermai-ks produced by the application of an oil 
or a wax generally fluoresce brightly. Others may be produced by impression with a 




Tnoas^ Pa’., January 25, ■195?’, 

This Is ray will made this day because 
I am not ’-sell. I give all of try property of 
all kinds to ray friend, Jacob C. (rpustlg. 

He la to settle my estate and. can either sell 
the house or keep It as It is. i do this for 
Jake because he 1 s my beat friend and has done 
so much for me. 



January 23, 1952. 

AC t* I la my will made this day because 

... .... He ,1s 1 9 ,pet.tle .'Wjf' ©sirtMte andz xi£«i v©d.^:her sell 
y, * the house or' keeh It as 11 is. I do this for 

and has done 

30 much for me. 


PC 


.Signed, 



Seal. 


Fio. 2.—Photogrnphs showing detail which may bo obtained through ultraviolet 
l)hotograi)hy. The top photograph shows a copy of a letter made with ordinary photo- 
graphifi niothods. Tlu^ bottom illustrations shows additional detail made visible through 
ultraviolet photography. 


riibl)or rt)ll<u’ bcd’orc ihci j)a.p<u’ is drii'd. This nnulcrs i)a,rtH of the paper thin l)y com¬ 
pression, although tlu' fibers ;vr(^ morc^ (hmsedy packtsl in these ])arts. In a g<muine 
watermark the wot filx'rs are puslual asidcr, in nmking (,ho paper, ])y the wire design, 
.so that the mark is a,(d ually thintuu’ tha,n th<‘ surrounding paper. Although it is not 
po.ssiblo to distinguish h(d,woeu tlu^sc two l.yixvs of watermark dirinddy by fluoi’c^scent 
photography, they can be irhuitificd aften’ a,p])lica,(.ion of a sizing test .solution which 
consists of wai(U’ or au oil containing a, Iluore-scauit material. Tlu^ solution will peue- 
tratct a. gonuinc'i wn,t(nina,rk mor(( (piickly tha,n i lu; surrounding [laper, so that it will 
fluoresce before tlui pjipcu’. In an art ificial wa.(.(U’nia.rk nuuhi by compression, tlu^ ratevs 
of pemdration are the .same, so that tb(; wabu’mark will not bo distinguished by 
(luorescenccu 

Postage stamps may b<^ exainiiuHl by f.lu^ ultraviohd., and (U’adieated eaneellatious, 
repairs to the i)a.per, (dia.ng((s in the: (ly<' or pignuiid,, or falsti wat.ennarks detected. 
Sealing wax vari(^s mark((dly in its fluor(^s<*.en(X‘ aca’.ording t,o its origin, color, age, and 
the methotl of manufacture, .so that fra,udid(mt .seals (uin often be detected, especially 
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if a genuine seal is available for comparison. Adhesives and binding materialg 
be identified or compared by the fluorescence method. 

Works of Art.—Ultraviolet photography is an important instrument for the < 
mination of the authenticity of works of art and for the detection of repairs, 
paintings, and forged signatures. In the field of sculpture, marlile, a,lab 
limestone, sandstone, and granite can be examined by ultraviolet fluorescx^n 
determine the origin of the stone, its age, and the presence of restorations and re 
ing. Precious and semiprecious stones can sometimes be distinguished from 
stones and artificial pearls from the natural variety. Old ivory can be distingr 
from the more recent material and from bone and the artificially aged niatcirial 
that colored naturally. The method has also been successfully applied to tlie exa. 
tion of textiles and ceramics, glass, enamels, prints and drawings, aird pai’tic^i 
paintings. In this case it is used in conjunction with chemical analysis and pi 
raphy by X rays and the infrared. Restorations may be distinguished by the < 
ence in fluorescence between old and new paints and by changes in the fluores 
of the varnish if the restoration is made over the varnish. Sometimes a varnis 
fluoresce to such an extent as to mask the fluorescence of the underlying pigitieiiti 
allowance must be made for this. The use of the method in the cxa.mii 
of palimpsests and other documents has been described in the preceding se 

Other Applications.—It is impossible to enumerate all the uses to which ultra, 
photography can be put, and the interested reader should consult the works lisi 
the end of this chapter, particularly “Fluorescence Analysis in Ultra-violet T. 
by Radley and Grant. Important applications are in the field of photomicrogr 
particularly photographing by the 3650 A., line of the mercury spectrum, whi(rh r 
in increased resolving power over that obtainable by visible light. Fhioi-c^f 
photography can also be satisfactorily carried out through the microscope, 
subjects and the very important physical applications in spectrography and astro 
are beyond the scope of this chapter, but there is a very extensive literature^! d(' 
to them. 

W^aming.—Attention should be drawn to the ease with which wrong eomdi 
can be drawn from ultraviolet and fluorescence photographs. The photogr 
will require considerable experience before he can use the method relia.ldy, bid. 
once this has been acquired, the method is an extremely important oru;. II. shoi 
remembered that many dyes are bleached by exposure to ultraviolet r}ulia.(.io 
that it is much used for artificially aging materials. Caution should, l.lH'rt'fo 
used in its employment. 


INFRARED PHOTOGRAPHY 

Infrared photography is by no means a new subject, since mol,hods of rn 
photographic plates responding to the infrared were known to scienf.ists dxiring tl 
century. The subject assumed a new interest, however, in 1931 when infrared 
plates began to be made which could he used with the ease of ordina.ry )>ln.t( 
films. Within a few years it became possible to record the spectrum out to b^ 
13,000 A. in the infrared, and many discoveries of great importance to physic 
astronomy resulted. At the same time the subject grew to be of grc*a,t inqiorta 
other fields of science, technology, medical and aerial photography, long-di^ 
photography, criminology and documentary photography, cinematography, a.r: 
commercial and amateur spheres. 

The usefulness of infrared photography is due to the discovery of clas.se.s of d,> 
addition of which photographic emulsions could be made to respond rea.dily to 
lengths longer than those which could be recorded on panchromatic materials. 
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dyes belong to the classes known to the organic chemist as the cyanines, the most 
important for recording the longer wavelengths being the carbocyanines and the 
di-, tri-, tetra-, and pentacarbocyanines. By proper selection of the sensitizing dyes 
during the matuifacturo of the emulsions, it is possible to make plates and films which 
respond to bands of wavelengths from the visible i-ed to theinfi’ared beyond 13,000 A. 
Those which sensitize in the longer wavelength regions are mainly of interest for scien¬ 
tific purposes, while tliose which permit photography in the region from 7000 to 9000 A. 
are most used for general applications. 

There is no fundamental difference between the practice of infrared photography 
and that in which visible light is used. Any photographer equipped for work with 
panchromatic plates and films can make infrared photographs with no extra expendi¬ 
ture other than that necessary to purchase the proper kinds of plates and films and a, 
filter for use on the camei-a lens. The light sources commonly found in photographic 
studios for ordinary practice happen to be the most suited for infrared photography. 
Some precautions nectissary in handling infrared materials differ slightly from those 
nec‘,essary in common practice, but they preseixt no difficulties and will be mentioned 
in the followiixg text. The value of photogi’aphy by infi-ared lies in the fact that the 
radiations are very often transmitted and reflected by nxaterials to an extent which 
bears no relation to the way in which they behave toward visible light. Generally 
they penetrate more fi'eely. 

Sources of Infrared.—All sources which depend on incandescence for the produc¬ 
tion of light enxit infrarcai radiation fretdy. They include sunlight, arcs, electric-fila- 
numt lamps, oil lamps, gas burinn-s, (nuulles, and other sources which rely on a material 
being raised to a. high hanperaturc'. Tlu^y are not all equally efficient, however, and 
the discussion lu're will b(‘ limihal to those which might be of value. In addition 
to the incand(^s(amt sources, there are some gaseous-discharge lamps which produce 
si)ectra. conl.aining lines in the ird'rarcd, hut they arc little used in jxractice. 

Sunlight .—About on(‘-half of ( he energy in surdight lies in the infrared, and the 
sun is tluu-c'fore a, v<u'y salisfaclory sounav It cannot he conveniently used in the 
studio, l)ut it is (lu^ natural source for outdoor jxhotography and permits v(!r.y impor¬ 
tant work (o he done in tlui infraiH'd. ThciO^ is much variation in the intensity and 
<iua.li(.y of t he suidight whi(di r<^a,(di(‘s the surface of tlie (^a.rth, and it is neex^ssary for 
the jxhotograplu'r (<» adapt, Ids (vxixosun^ to nu^d, the changing conditions. Tlu^ (dxief 
(aius<is of ( h<' variat ion are (diang(ss in the amount of heat (unu-gy radia.ted from the sun; 
va,ria,( ions in t he dist.M.nee of t h(' ('arth from ( he sun; variations in the a,mount of wxiter 
vaixor, dust, ('(<\, in (,lie atniosplu'rc of l,h<? <^a.r(,h; the zcuuth distance of the sun; and 
( he alt.it iuh^ of t he photographic. s(.a.(ion nbov(^ sea lev(d. In a chaxr atmosphere at 
sc^a hwcil at nu<lda,y in midsumnnu', alxnit oiu'-tlurd of the energy from the sun is in 
t he: part of (he iid’rared whicdi (am Ix^ |)hot,ogra,plied. This figure can be considercxl 
as a, ina.ximurn and will h<^ dcxm'ased as tbc factors above uKuitioned come into play, 
'riicu’e is no st rict rela t ionship hetwcxui (.he intensity of infra,uxl a.nd of visible light from 
t he sun, a, fact wlucdi makes ordinary exposure m(d.ers unreliable^ for estimating infra- 
r(“d exposures. The intensity of infrared in sunlight is much higher than that in any 
ot lx'r sour<M\ 

/uaim/r.n'erit-Jllniurnt hJlcciric bam/xs*.-—The. earlier types of ('lecitric la,mp consistcxl 
of filainerds of carhon or and,a,Is, particuila.rly tungstem, in an (wa,(mated glass bxilh. 
Later lamps ha,ve filaments made^ ex(dusiv(dy of (,ungst,e:n win' and eon(,a,in an inert gas, 
usiudly a. mixtures of SO per (X'lit of argon and 20 peu- <X'nt, of nif rogem, and the filanu'ut 
is in ( he form of a, coil. The gas-lilh'd (x>il<‘d-fila,m('nt. lamp is v(‘ry nuudx more (dlicient 
than (h(( old<u’ t,yp(\s of vacuum lamp. h'or ge'iuu’al inlrared pho(ogra,i)hy it is not 
nee(^.s.sary to use: more: of the sp(‘(d rum than (he n'gion from about. 7000 to 10,000 A. 
It is (h^sirable:, therefon^, t,o sel(“(d sourc(\s of infran'd which have as grexit as possible a 
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proportion of their energy in this region. It so happens that the types of incandescent 
tungsten-filament electric lamps most used for illumination and for photography by 
visible light possess this characteristic. The wavelength of maximum energy and the 
actual amount of energy in the infrared varies with the kind of lamp. For Jamps 
used for general lighting, the maximum ranges in position from 9500 to 10,500 A. In 
the case of lamps for special purposes it may be at still shorter wavelengths. ^ For 
instance it is at 8000 to 8500 A. for the photoflood types of lamp, and at 9000 A. for 
the 500-watt projection lamps. In general, the higher the wattage of the lamp, the 
greater is the energy at the maximum. It will be clear that any of the higher wattage 
lamps and those of the overvolted photoflood types will be suitable for infrared photog¬ 
raphy. Those in common use are the studio types of lamp, the 500-watt projector 
lamps, and photofloods. Since carbon-filament lamps and certain types of cvlectric 
radiant heaters have been much recommended for infrared therapeutical treatment, it 
has often been supposed that they would be very suitable as sources for infrared 
photography. They are not nearly so useful as the common incandescent tungsten- 
filament lamps, however, because they emit very inefficiently in the spectral region in 
which photographic plates can be sensitized. 

Carhon-arc Lamps .—The spectrum of the radiation from the carbon arcs consists 
of a continuous background extending from the visible far into the infrai^cd, a.nd on 
this are superposed lines and bands caused by the arc vapors. By modifying the 
composition of the carbons, it is possible to modify the characteristics of the radiation 
so that the spectrum consists mainly of lines. In the plain ca rbon arcs the chi<4 sourca^ 
of the radiation is the electrically positive carbon, while, in the case of those arc^s using 
carbons which are cored or impregnated with salts to give the flame arcs, t lu^ (duel 
source is the luminous flame between the electrodes. The carbon arcs provider t he 
highest available artificial temperatures, and they are very suitable sourc<^s for tho 
infrared. As was mentioned in the section on Ultraviolet Photography, the inclusion 
of certain metals in the cores produces arcs having a very strong omission iti the idt ra- 
violet. The carbons may be similarly modified, by incorporation of otlnu' mcttal salts, 
to give high emission in the red and infrared. All carbon arcs may be us(^d for infnmul 
photography, the most suitable being those with carbons of the following typ(‘.s: 
National Carbon Co. Sunshine and Motion Picture Studio carbons; White hflaine are; 
carbons; Low Intensity Projector arc carbons; Siiprex positive carbons; High Intensity 
Projector carbons; High Intensity Sun Arc carbons. The Pointolite and Tungsnn^ 
lamps are convenient sources of infi-ared of moderate efficiency. 

Gaseous-discharge Lamps .—The mercury-vapor lamps, described unchu' Ultraviohd/ 
Photography, are not very useful sources for general infrared photography. 'The 
greatest emissions in the photographic infrared are at the 10,140 and 11,289 A. lin<\s. 
This is at too long a wavelength for general pui-poses, although, for cases where it might, 
be desired to work at these wavelengths, the mercury arcs would be v(n-y suitable:. 
None of the other gaseous-discharge lamps are of importance for practical infrared 
photography. 

Photofiash Lamps .—The photofiash lamp emits its maximum energy at about, 
9000 A.; it is a very good source of infrai'ed radiation and is very convemient. 

Special applications of infrared photography will be surveyed in a la,ten* stndion 
of this chapter. At the risk of anticipating this somewhat, we shiUl include' a 

table of the sources most useful for a variety of purposes of infrared photography. 

Filters.—Infrared plates and films are sensitive to the ultraviolet, to l.lu' violet 
and t)lue, to part of the green, and to a part,icular region in the infi*ared. To (miifuK^ 
the exposures to the infrared, it is therefore necessary to use a filt('r whitdi d<)(\s not 
transmit the shorter wavelcnigths to which the material responds. The filtcu's are 
made of dyed sheets of gelatin used alone or cemented in glass, or of i>lates of glass 



605 


PHOTOGRAPHY BY ULTRAVIOLET AND INFRARED 
Table I. Sotjbcbs of Infrared for Various Purposes 

General Infrared Photography: 

Sunlight 

Tungsten-filament lamps of high efficieney 
Studio- and projector-type lamps 
General-purpose lamps of 500 watts and higher 

C.-aibon arcs: flame, neutral-cored, and plain arcs and all types of studio and projection arcs 
Photohash lamps 
Cinematography; 

Sunlight 

All types of tungsten-filament lamps used for studio illumination 
Medical Photography: 

All the sources grouped under General Infrared Photography 
i ^ h o to rn i c r og r a p h y: 

Tungsten-filament lamps used in normal photomicrography, especially the ribbon-filament lamps 
Carbon arcjB and enclosed metallic arcs, such as the Pointolite and Tungsarc lamps 
Mercury-capillary lamps 

Documentary, Graphic Arts, Criminology, Scientific Record: 

All the sources grouped under General Infi*ared I^hotography 
Photography in Total Darkness: 

1 he artificial light sources given under General Infrai'ed l^hotography, especially the tungsten- 
filament lamps and photofiash lamps 


which is itself colored. The filters most useful for general infrared work are red in 
color, and if it is doaired to confine the exposure to the invisible infrared when the plate 
or film has some sensitivity in the deep visible red, the filters must be opaque. Filters 
may be characterized by the wavelength lielow which they absorb radiation and above 


which they transmit it. Tlicy must also be sharp cutting, i.e., the transition from 
absorption to transmission must cover a,s short a range of wavelengths as possible. 


The following table shows filters eominercially available which are suitable for infrared 


lihotography, as well as the wiivehmgths at which they cut. The filter selected for a 


partitudar pui-posc will be chosen according to the minimum wavelength it is 


desired 


Table II.—Filters for Infrared Photography 


M niiufa<^tur<u' 

Nannc of filter 

Wavelength beyond which 
filter tranwoutw, A. 

KaHirnau Kodak (’o. 

Wratten No. 25 

(>000 


** “ 20 

(>200 


“ ** 70 

(>700 


** “ 80 

(JSOO 


•' •* 8<)/V 

70()() 


“ “ 88 

7200 


88 A 

7400 


“ “ 87 

7700 


Sp<>cial, Batch 5233 

About 02()() 

C'oruiug <JhiMM Workw 

No. 2*13 

No. OOSOA, 3.2 mm. 

(>300 


(hIho t.ran.smitH ult ra- 
vioh't) 

7100 


No. 255, 3.5 mm. 

8000 


No. 25-1, 2mm. 

8(>()() 

S(‘hot t u rid ( Irri. 

liG 1, 2nim. 

(>()()() 


RC2, 2rmn. 

()3()() 


HG5, 2iiun. 

()700 


RGH. 2ium. 

7000 


K(J7. 2nim. 

About 9000 
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to record, bearing in mind the region of the spectrum to which the plate or 
him responds. 

All filters absorb some radiation to which plates and film respond, so that it is 
necessary to give longer exposures than would be necessary without the filter. The 
factor by which the exposure must be imxltiplied is known as the “filter factor.” It 
has no significance in infrared photography, because infrared plates and films are not 
used without a filter. It is customary, therefore, merely to denote the time of expo¬ 
sure required for a certain subject under definite conditions when used with a particvu- 
lar filter. Since there is usually a gap in the spectral sensitivity of infrared mattu'ials 
from the middle of the green to at least as far as the middle of the red, all filters having 
their transmission threshold in this region will require the same exi^osui’e. On the 
other hand, if the filter absorbs some of the infrared to which the plate or film re.sponds, 
extra exposure will be required. For instance, with the Eastman Infraretl Sensitive 
plate, the exposures will be identical through the Wratten filters Nos. 25 and 29, 
whereas through the No. 87 filter, twice this exposure will be necessary. 

Cameras.—There is no difference in principle between cameras used for normal 
photography and those for the infrared. There are, however, a few precautions which 
must be observed. The bellows, the shutter blades, and the dark slides must 1)C 
opaque to infrared; otherwise fogging of the plate will occur. Bellows used on most 
modern cameras are quite satisfactory, particularly if they are made of leatluvr or sirti- 
ficial leather containing black-carbon pigment and backed by a sheet of bla(dv clot li. 
Certain kinds of hard rubber and wood are very transpai*ent to the infra,red and must 
be avoided in plateholders and shutter blades. Some manufacturers test th(‘ ha,rd 
rubber of their dark slides for opacity to the infrared. Those made by tlui East,man 
Kodak Co. and the Polmer Grafiex Corp. carry five dots embossed on the metal tops 
if they have been tested for safety in the infrared. Metal is quite safe. 

Photogi’aphic lenses made for good quality photography with pa,nchroma.ti(* mai.e- 
rials are designed so that their focus is the same for light in the violet a.nd yellow. 
Other wavelengths are not in the same focus, but achromatizing for t.lH\se two gives 
quite satisfactory results for white light and modern plates and films. Thc! position 
of correct focus changes rapidly as the wavelengths increase into the infra.r<nl, so tha(. 
it is sometimes necessary to nxake a correction of foems if sharp picturc^s n,n^ (o bo 
obtained. Lenses differ very'markodly in their infrared focus, and it is not possilxhs 
to give a general rule as to the chang'e in bellows exten.sion which must bti niach^ nftxu* 
focusing visually on the ground glass or by scale. In all cases wherc^ a. (^omnd ion is 
required, the lens must be racked out for a distance slightly longer than tha,(, lUMM'.ssa.ry 
for good panchromatic focus. This is equivalent to focusing on a mnirer ol )jiMd.. t)n(‘ 


recommendation has been to increase the bellows extension Ixy \ of l.lu^ fmail 

length of the lens, but this rule is by no men,ns general. For Tc'ssars of //-I..5 ami 
//3.5 and of moderate focal length, Zeiss rccoiTirnends an extemsion of 3 })cu’ cetd, of f In* 
focal length. Leitz lenses of the Elmar series should be set at a scahi r(^‘u^ing of 100 f(. 
in oi'der to focus distant objects by inirarod. The llektor seri(!s r(>quires .soiiH'wliat 
less compensation. The Summar Ions is provided with a spcahal imhw mark on (In* 
mount for focusing by infrared. The Ross//4 Wide Anglo Xpr(*s lens is spt'cially 
corrected for the infrared, and the following Cooke lenses a,re c*orrt*c(,(Ml for coincidence 
of focal pianos of 7500 A. and white light: 6 in., //2.5; 9'^ in., f/2.5; f>' .j in., /', 3.5; 
SH in., //4.5; 10^ in., //4.5; 25 in., //4.5; 13 in., //6.3. The Kodak Ana,s( ignnds, ol' 
aperture//4.5 and of focal lengths shorter than 10 in., and the//7.7 Anastigmat aiv* 
generally satisfactory. In the case of l(*nses of short focal length us(*d a,(, .small rein(iv<' 
aperture, the correction is .so small that it can l)e neglect('<l. Ix)ng-f()(ms lease's may 
require a correction. If there is doulit as to the correction to be applied, (In* lems 
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can be calibrated by making a series of photographs at slightly different settings of the 
lens, starting with the position of correct visual focus. The lens mount or focusing 
scale can then be marked at the position (iorresponding to the sharpest negative of the 
series. Much help is obtained if the picture is focused with a red filter on the lens. 
This reduces the brightness of the image, however, so that focusing should be done at 
full aperture, after which the lens may be stopped down to the opening desired. 
Apochromatic lenses are generally in correct focus in the near infrared. 

Photographic Plates and Films.—Infrared plates and films are made by treating 
non color-sensitized emulsions with dyes which confer sensitivity in the desired region 
of the infrared. Many of these dyes are available, so that plates may be obtained 
sensitive in relatively narrow regions in the infrared out to beyond 13,000 A. Most 
of th(; plates sensitive to the longer wavelengths are very slow and suited only for 
spectrographic work. For general infi-arcd photography, those sensitized between 
7000 and 9000 A. are most useful and of highest speed. The sehuction of the material 
will depend on the purposes in mind, being made according to the requirements of 
speed, contrast, and region of sensitivity. For aerial and snapshot photography and 



3,000 4,000 6,000 6,000 7,000 8,000 9,000 10,000 11,000 12,000 

X 


Fic3. 3.— Spectral rospoiiao of Eastman Hpoctros(H)pic plates. Tlie <a'().ss-hutch areas 
show regions of good HCinsitivity, whesreas the hlacdc ereas sliow I’egioiis ol maximum 
stnisit.i vity. 

cituunatography, materials of high spewed ani a.va,ila,l)l('. On the olJuu' hand, lor 
{)hotoengra,ving and otluu' |)uri)os(w wlnu’c^ (a)ntra,s(, rallau' tha,n si)CH‘d is (.Ini l•(Hlui^<v 
iiK'ul, ma.te:ria.lM corr('si)onding to (h(^ i)rocess lypt^ of pla,t(i a,re ma.(le. t’or ,sci(Md.ihc 
and special j)urpo,s(“s tlui Mastman Kodak Clo. ma,iuilactur(ss six (,yp(^s ol emulsion, 
difh'ring in (lotifra.s(., s|)(a'(l, and nwolving [)<>w(n'; (,h(‘.s(^ tyix's two s(msi(.iz(i(l in (Mght 
(liffenMil. n'gions of (h(' infra.r(^<l. 'They a.r(^ known as K-nstimui SixMd.roscopic i)la.t(‘S, 
a.nd tlu^ .sp('(dra.l regions l.o whieh tiuy r(^spotHl a,re; shown in the: eh.art in h'ig. 3. Tlx^ 
letl.iu'H at tlie sides of ( Ix^ cha.rl. iiulicail.e f Ix^ chiss of s<'nsit izing, tlx^ .sluuhxl a,r(ai,s n'pnv 
setd. tlx^ spc'clra.l l•(‘gionH of l.olal sensitivily, aaxl tlx' black a.r('a.s slx)w tlx' |■(‘gion lor 
which l.Ix^ semsitizings iin' paadieularly valuable. 'The following is a, lisl, ol tlx; inirared 
plat(^s a.ixl lilms a.va.ilabl(^ in t lx^ Unilcd Sta.t<'s for general purjx>s<Ns; 

Flat(w; 

Kastnuui lnfra-re<l S(nsitive Pla.t(ss 
Kiislinan Infra.-r('d Fnxxws Plal.c's 
Films for miniature caim'ras: 

Agfa Iid‘ra.-red Eiltn (Agfa. Anseo) 

Kodak lid'ra.-red t’ilm, '^I'yp'' IK-i3r) 

Eihns for molion-pi(d.ur(“ phol(»gra,|)hy; 

Agfa, Iid’ra,-r(Ml Film Stnaes 153 

Agfa, Infra.-r(xl Film 'hype H, S(‘ries 15!) 

Kastimin lnfra,-r(ul Sensitive Motion Pietune Ncegativx' h'ilin 
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Films for Aerial Photography: 

Agfa Infra-red Aero Film 
Eastman Infra-red Aero Film 

All the foregoing materials are sensitive in the near infrared in a hand soniewh< 
between 6500 and 8500 A. They have the general characteristics of fast negat i 
emulsions with the -exception of the Eastman Infra-red Process plate, which i.s 
process-type material. 

Methods of Infrared Photography.—For general infrai’cd landscape photographt 
plate camera or a miniature camera using 35-mm. film is used with the Wratt 
No. 25 or a similar filter on the lens. The plates or films sensitive in the regi 
between 6500 and 8500 A. are the most satisfactory. Correction for infrared fot 
should be made if necessary. Exposure meters which measure visil>le light art; r 
reliable, and the manufacturer’s exposure guides should be used. Typical expos i 
for a sunlit open landscape in summer is 3^5 sec. at//5.6 through the Wratten No. 
filter using the Eastman Infi-a-red Sensitive plate or Kodak Infra-red film t> 




Fia. 4.—Typical arrangement of lights for infrared photograpliy. The diagram at. --1 sh< 

the use of photofiood lamps, whereas B shows a niothod of using [)liotoHaBh lamps. 

IR-135. In practice it appears that on dull days the; incr(;n,s(; in (;\posur<; for infra 
materials is about double that which would 1)0 reciuired for panchroiiud u; pln.l<'s n 
films. 

For photography indoors using artificial light, two arraiigemcrits .art; pos.'^ibh'. 
one case, the lights are used open, with a filter on the lens of the (;ani(‘r:t. I n tin; <»( 1 
it is desired to make isictures in total darkness, and in this ease filters must lx; us(;<l <> 
the lamps to absorb all visible light and to transmit the infra,r(;d fre(;ly; no (iUe 
necessary on the lens. For infrared portraits in the; lighted sf.udio, the normal st u 
lamps are employed, but the lighting should be ratbor Mat, b(;(;a,us(; it is rarely n;qui 
to produce modeling in the subject, but merely differene(;s in r(;fl(;c.tion a,ml l.rn 
mission of the skin. This is particularly .so with medi(;al siil)j(;c.ts. In infra 
copying of documents and photograjjhy of general objc;cts, the normal arrangaamni 
flat lighting is used. Typical arrangoinonts of the lights a,re shown in I<’ig. 4. 
arrangement A two pairs of photoflood lamps or 500-\va,tt proj(;(;t()r type lamps 
used in reflectors arranged symmetrically to the subject at 45°. If a, single phofofl. 
lamp is employed, it should be placed as near the camera axis as possible;. Hef 
results are obtained by using two photofiash lamps as shown in arrang(;im;nt B. 'I'l 
are fired simultaneously by an appropriate switch wired to the two lamps A sin 
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photoflood or other lamp is used for focusing and composition and is wired into the 
thrcuit a.s showii in the diagram. The following table gives exposure data for (a) 
the Jiiastnuiu Iiifra-i‘ed Sensitive plate, the Kastman Clinical Camera (with//7.7 lens), 
and the Kodak llecomar “33” (with //4.5 lens); the Wratten No. 87 filter over 
the lens; photoflood or photofiash lamps in Kodaflectors; development for 5 min. in the 
Kastman D-19b or the Kastman X-ray developer at full strength at 65°F. (6) the 
Kodak Retina I and Retina II using Kodak Infra-red Film, Type IR-135; the Wratten 
No. 87 filter over the lens; photoflood or photofiash lamps in Kodaflectors; develop¬ 
ment for 12 to 1.5 minutes in Kodak fine-grain developer DK-20 at 65°F.; if D-76 
devclopcir is used, one-half the indicated exposures should be given and the film 
dev(^lop(Ml for 10 to 15 min. at ()5°F. If the Wratten No. 25 filter is used instead 
of the No. 87, one-ha,If tlie exposures indicated may be given. 


TAmac III.—hlxi'osuHio Data for Infrared Materials 
a. Kxposun^ Data lor Jnlra,r(Ml Photography with hla,stman Clini(!al Canieira and 

Kotlak R.<M‘oma.r “33” 


S<Rl,IU”.SCt IdllJiC 

Sul>j(‘(*,t,-ril ni 

No. 1 photoflood laiupH 

No, 10 photoflasli lamps 

lOiiHt rniiD (Miniftal 

(liNtdiiKR* Kodak 
Kf'coruar in. 

Li^ht, (Um- 
t.ancfbs, in. 

Aperture 

fldme, Htnn 

cUh- 
taiiceK, in. 

Apert.uro 

1 

22 

Hi) 

/,' 11 

1 

48 

//16 

"t ; 

2 1 

Hi) 

/n 

1 

*18 

I! 1 <) 

‘ 2 

2S 

:ui 

/, 11 

1 

18 

//((•> 

1 ^ 

■1 1 

CO 

/, ■' 

1 

1 

48 

/,'1() 


h. I'lxposure I):\ta for Infran'd Pliotograpliy: Kodak Retina, I and Kodak Retina, II 


l'\>eus- 

^iea h’ 
s<4 li njir. 

Sii pplcnin'M- 
taiy hniM 

Ions din- 

t jinet^ 

Art‘a. of Hul)j<Md. in pifdurt* 

No. 

1 jihotoflood 
lain pH 

No. 1 1 iilioto- 
llaHh lam pH 

Kodak 

K odn k 

Kodak 

Kodiik 

Kodak 






H,<4 inn 

na 

i na, 


Rt'tina 

r,ir:h(. 



la #2;} it 










dis- 

Ap(M- 

44 me, 

diH- 

Ap(M - 









tfirua^H, 

taiiai 

H<*e. 

t,a,n(^eH, 

t ur<^ 

I, f(,. 

n. 

ft. 

I 

1 I 

I, 

i n. 

n, 

in. 

1, i:i. 

11. ill. 

in. 



in. 


H y •; 

d ‘.. 

A 

( ’ 

M ',1 


r,y .;x 7=>,, 

r.fnX 8-tiB 

■18 

//!(■> 

1 

CO 

//Ifi 

\H 

4 

A A U 

( ’ 

14 

M 'h 

(VhX. 

(K-kX 

‘18 

//!(■> 

I 

CO 

//Hi 

4 

1 


;\ 

22 

22 

10'X 1 r> ' 1 

10 .s X 1 r> I 

4 8 

// 1 (i 

1 

CO 

//Hi 

' 2 


' N(.iu' 

1 

N OtHl 

12 

42 

X2'.»'>h ' 

lip'.i,' X 2! 

*18 

//l(i 

1 

<)0 

//Hi 


If pi(‘lur(‘S ar<‘ to Ix' made* in loldl lidrHiic.'di, (,ho Wra,(,(,(Mi No. 87 lil(,(U’ sliould bci us(hI 
over (in' light souree.s, arra,ng('(l in a. hohler (hat will prevcuit, whi(.(i-]ight leakage, 
'rin^ Wraiten Ko. <S7 Cllc'r is .six'cially m.-nlc! for thi.s puri)o.s(i in sizes 10 by 12 in. and 
8 hy 10 in. in (in^ sanu' fonn as sa.h^ lights. Using t wo pairs of photoflood lamps in 
r('(U'(d()rs, a,nd t in' Ka.stnian Infra-red S(‘nsit,iv(^ pla.l.c', t In^ ('xposurt^ will be of the 
ord(u’ (.)f I s<a'. at/, 1.5 if (ho lainj) units arc: about (i ft,, from (lie subject. The fila- 
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merits of the lamps will just be visible to the subject as a deep red il lie looks straight 
toward them, although the onlookers will normally see no light. Complete darkness 
for all concerned can be attained by using indirect illumination, the lamps being 
arranged in reflectors pointed toward the ceiling and covered with sheets of the No. 87 
filter. Exposures in this case will naturally be longer and must be determined by trial. 
In cinematography by infrared using 35-mm. Agfa Infra-red Film Type B, or Eastman 
Infra-red Sensitive Motion Picture Negative film, using a 180° shutter and 24 frames 
per second, an aperture of about //4.5 will be required outdoors in bright sunlight. 

Infrared materials should be handled and developed in total dai'knoss or by the 
light of special green safe lights. The green safe lights made for use with panchro¬ 
matic materials are quite unsuited, because they transmit infrared freely. No special 
methods of development are necessary. The manufacturers’ instructions should bo 
followed. 

Applications of Infrared Photography. Aerial and Long-distance Landscape 
Photography .—The most important application of infrared photography is in the 
photography of landscapes from the ground or air. Its particular usefulness lies in 
the ability of the infrared to penetrate atmospheric haze more rca,dily than does 
visible light, so that improved rendering of distant detail is attained. Haze scatters 
violet and blue light, and so blurs distant detail when it is photographed on ordinaiy 
noncolor-sensitive plates and films. As the wavelengths become longer, the scattcnfng 
becomes less, so that improved penetration of haze results if panchromatic phites 
and films are used in conjunction with a yellow, or particularly a red, filter. Wil.h tlui 
longer wavelengths of infrared and a filter to absorb the shorter wavcihuigl lis, si.ill 
greater penetration is effected. By using the infrared, therefore, it is 2 )osKibl(> to 
photograph over longer distances than are attainable with iJanchroinatic ina.<.eria,ls, 
and in the case of aerial photography, where haze normally scsriously (le(;n^a.st\s the 
rendering of detail on the grouiad, the infrared offers a special advantagi^. In refuta¬ 
tion of claims made by overenthusiastic newspaper correspondents a,ml invtmlors, it 
should be clearly stated that it is not possible to j^cmetrate dense fog by infra,rc'd 
photography. The ability of the infrared to penetrate a,a atmospheric suspension 
such as haze, smoke, and fog increases as the sizes of the siispendcd pa,rl,icles d<'(u-(‘a,s(^ 
or as the wavelength of the infrared increases. The sizes of the i)a,r(,icl(^s of dust, 
water vapor, etc., which form haze are small onougli to permit p(uietra,<,i<)n l)y infra.red 
of the wavelengths which can be photographed. On the other hand, tiu; dr()pl<4,s of 
water present in mists, fog, and clouds are so large that they are inipenel.rnble by tlui 
photographic infrared. It can be stated as a general rule tha,t the: h'ss ( he visibility 
through the atmosphere, the less is the chance of increasing it l>y infra,rest pliot.ogrn.phy. 
In the case of a fog which presents a danger to safe navigation a,t s(^a, or (.o safe landing 
of aircraft, infrared photography olfers no advantages over the (^ye. On ( Ik* ot lua* 
hand, however, haze which limits vdsibility to a few miles ca.n be furl.lu'r p<Mietra.t,(Ml 
by the infrared, so that photography with these longer wa,velongths (na.n Ix' of sixM-ial 
benefit in photographic survey from the ground and the air, in reconnaissa,nc(^, and so 
on. 

In addition to showing detail at greater distances tlmnigh ha,ze t,ha,n is a,l,(.a,ina.bl(i 
by normal photography, the infrared landscape photograi)li has oI-Ikm- i)a,rl,i(‘ular 
characteristics, which may or may not be an advantage. Ora,ss a.nd tlu' I(>a,v(‘H of 
deciduous (hardwood) trees are rtmdered V(vry light, somc\vha,t as if tlu‘y weni (rovenxl 
with snow. This is because the chloroidiyll which imparts t.lus gnxm color is very 
tianspaicnt in the neai inliaied, so that the rays ca.n |.iass through it (,() t,hc' |,issu('s 
of the leaves, which reflect it back again. They thus photogra,ph as if t.hey w<'r(‘ light, 
in color, whereas in normal photographs they appear da,rk owing to t he absorfit ion 
®f visible light by the chloi*ophyll. Ooniforous (soltwood) trcics usually ri^produce 
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darkox' than the hardwoods, and dead trees can also be distinguished by their darker 
icaidering, Ihesc facts make infrared photography of interest to the forest surveyor. 
.1 ho sky is rendered as very dark, because blue vskylight is relatively devoid of infrared. 
Clouds xippear white, because they reflect sunlight which contains infrared. Shadows 
are very dark, especially if the sky is clear and the only light in them comes from the 
blue sky. Wxiter genei*ally reproduces as black. Buildings will be reproduced in 
tones which depend on the manner in which their materials of construction reflect 
tiu' infrared, and soil and rock may a,Iso appear in tones which are different from their 
visual appeai’ance. Tliose effects all assist in determining the characteristic appear- 
ai>c(> of infrared landscape photographs. They may be attractive to the pictorial and 
commercial photographer find may offer advantages or otherwise to the surveyor 
whosc^ prinui iuterc^st is in rcmdering and identifying detail. 

Crinmiology. In the field of criminology, infrared photography has found many 
applicutions which include the following: detection and deciphering of erasures and 
forgc^rics; deciphering of charred documents, or those which have become illegible 
as file rcisult of age or alxuse; differentiation between inks, dyes, and pigments which 
arci visually identical; distinguishing between cloths which are visually identical but 
(lyc'd with diffoi'ent dyc?s; detection of stains and irregularities in cloth; examination of 
cloth, libcu's and hair which are dyed too dai’kly to be easy of study by visible light; 
study oi fingerprints; examination of the contents of sealed envelopes; detection of 
(•('rf ain kinds of scan-et writing; deflection a,nd demonstration of blood stains on cloth; 
(hflc'rmination of carbon monoxide impregnation of victims of gas poisoning; photog¬ 
raphy in the dark. All thejse applications rely on the fact that the reflection and 
t ransmissiexn of infrared by materials is freciuently very different from the behavior to 
\ isif)le^ liglif. Sf.raightforw'aial infra,I'eal ixlioteigrixphic methods ai’e used, due X’egard 
Ix'ing paid to f lic regiexn e)f speectral sensitivity and the contrast desired. 

Docutnrnlary Photography. —Some of the most eflega,nt uses of infrared photography 
are' (o be^ fe»und in the^ ficlel of the examiixal.ion of documents. The most important 
applieadion is in tlie de'ciphering of writing maele illegible! by charring, deteiioration as 
a result. e»r ag(! exr the! aercumulatmn t)f dirt, exhliteu'atiexn by xipplication of iixk as by a 
ce'usor e)r forge'r, invisible! inks, xinel de!lib(!rate! chemical blcxiching or mechanical 
('lasun! and sul)S(!eiucn(, overwriting. In theiso fievlds, the infra,red method forms a 
\’!dua.i)l(! adjunct to ultraviol<!t photography. Inks, pigments, anel other materials 
whicli may a.p])('a,r id(‘nticaJ f,e) tlu! vyo. an! fr(!e}U(!ntly rcn(le!r(!el epiite difl’ci'cntly in an 
infrai-('<l pholograpli. If an ink t ra.nspa.re!nt t,e> the infrared is a,i)plied over one oxjaquo 
to it , t he underlying iide will show' up in a.n iufra,r('d phe>l,e)gra,ph. The original writing 
on cliarn'd dex'utiK'ids may 1«! re'veah'el, alt hough suc(!e!ss w'ill depenel on the degre!e of 
eliarring of the pa.pei'. Wi'iting which has b('('n m(!<!ha.ni<!a,lly e!i’a,se!el ma,y be! I'cvoaled 
by virl iK' of t race's of e'arbon or efl he!r pignu'ut h'ft e!mbe!elde!ei in the pa,per fibers. 
('bennc.'illy blc'ached writ ing is oft,<!n d<!<‘ipli<'n!el if t he proeluct re!Sidting fx-orn the 
reaction of the bleuich with th(' ink a.b,sorbs infra,r(!d ra,(lia,t,ie)ti niexrc fully than the! 
sui rounding pape'r. I ),>'('s and ixignu'rds visually ielent.ical eian be distinguished if they 
elilTer in t heir I ni tis])a.r('ncy t,o t lx! iid’ra.r(!el. 

Medical Iiifrared /‘hotography. —Infra.r(!<l phol.ogra.phy sl)e)ws promise of being a 
vahnibh' me.'iiis e)f diiignosis. By |.h(! use! of infra,u'd-sensitive! pla.te!s a,nd films it is 
po.ssibh' 1,0 make i)ictures showing l,h<! sup('rti<!ia,l ve'ins, some! of whie'h are not dis- 
e‘('rnible' ('it lu'r visually or in ordiu.a rv pliot.ograplis. Distiiuit, (!ha,uge'S fi'om the normal 
ve'iious pa,t,t('rn ha,\'<! bee'u n'cordc'd in <'onn(!ct,ion with .s(!V(!ra,l discfxsees: axillary 
t hrombosis, (rirrhosis, a,nd sonx' tumors, for insla,tx!(!, show a, ma.rke!d disturbance of the 
adja,('('nt ve!nou.s (rirculat ion. On t Ix! basis of this, it Inis be!(!n suggesteei that in 
‘.airg('ry for ((aniiixxma of t lx! bre'.a,.st, a,n infra,re!el phe)te)gra,ph maele beflore the oporatioix 
might, r(!V('al very us(!rul information. (flia.ng(!s in tlx! superficiixl venous pjittcrn 
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of the thorax and abdomen during pregnancy can be shown distinctly, and there is a 
marked difference in the appearance of infrared photographs of primipara and multi¬ 
para. In dermatology, infrared photography may be useful in various ways. In 
cases of eczema, the exterior eczematic appearance does not show in the infrared 
photograph, while the underlying varicose veins which usually accompany this con¬ 
dition are rendered clearly. In lupus cases under treatment by ultraviolet radiation, 
the whole of the lesion is covered by a scab, and it is impossible to see how the clear¬ 
ance is progressing. The infrared rays penetrate the scab, however, and present a 
clear picture of the healed areas. In ophthalmology, photographs of the iris of the 
eye by infrared present detail which escapes ordinary photographic materials. Dark- 
brown pigmented irides appear lighter in tone than blue pigmented irides, and the 
deeply pigmented trabeculae register lighter than the rest of the iris. If atrophy has 



Fio. 5A .—Photograph made on ordinary plates with general ilhiminatiou. 

begun in the iris, resulting in the destruction of the pigment and rcplacchuuii, by 
grayisn-white tissue, the infrared photograph will show this rcjgion of a,1.rophy as 
darker than the normal tissue of the iris would appear. Abnormalities of the mfiTgin 
of the pupil, not readily visible in black-and-white or color photographs, a.r<^ clearly 
recorded by the infrared technique. Since infrared penetrates turbid mediums better 
than does visible light, it can be used to photograph the iris through a corntai, which 
is so opaque that visual examination is impossible. Infrared photography is of valmi 
in the examination of gross specimens, particularly in the case of injected specumons 
for checking the completeness of the injection without clearing. Since most tissues 
transmit infrared more readily than visible light, infrared photomicrographs of dtjc'iply 
pigmented tissues and relatively thick histological specimens, such as cclloidin ami 
frozen sections, frequently show details which are not discernible in those made by 
visible light. 

Photography in the Dark .—Since infrared radiation is invisible, it is possible to 
make photographs in total darkness. Although the ultraviolet is also invisibki, it. is 
not satisfactory for dark photographs, because it induces visil)lc 5 fluorescence in many 
common materials. Infrared photographs can be made in the dark by using radia,tors 
which emit only infrared and no visible light or, preferably, by powerful sourc.es of 
light from which the visible radiations are absorbed by filters which permit the infrared 
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to pass freely. These photographs are primarily of interest for amusement, although 
the attempt has been made to use them in the detection of criminals at work and in 
the observation of spiritualist seances. Of more interest are the photographs of hot 
bodies made in total darkness by the infrared radiation ’which they emit. By using 
infrared plates it is possible to obtain an idea of the distribution of temperature over 
heated materials, such as electric heaters, hot metal ingots, radio tubes, and cylinder 
heads and exhaust manifolds of internal-combustion engines. 

Portraiture .—Infrared portraits can readily be made in the manner described in 
the section on Methods of Infrared Photography. They are, however, of little interest 
except for amusement and medical purposes. They differ entirely from those made 
I)y visible light. The flesh has a white translucent appearance, the lips are light, the 
eyes dark, all lines in the face are strongly emphasized, and the beard appears as if it 



Fic. 5/V.— Infrared i)hotograi>Ii of the same subject made on infrared jdates using heat of 

t he flat irons as the only source of “ illiiniination.” 

w<'n^ a, stubbly growth, cv<m on a clean-shaven fa,(a;. The skin of negroes is repro- 
<luc.e<l light, in l.one, 

Scientific ami Technical A pplications .—Infranal pliotograpliy has prov(ai of impor¬ 
tance in ma.ny fields of in v(‘.st iga t ion, a,n<l its value is iian-easing as it becomes nion^ 
applied. It is not possible to numtion mou; t.luui a, hnv spc;cia,l usc^s in this cha,pt,cr, 
hut t,h(; irnagimi(iiv(' {)hotographer should ha.ve no (lifliculty in widcining its lit^ld. 
lls(h'ul r(‘f<'ren<avs will be found in tlu^ a,(.t.a.<h»ed bil)1iogra,|)hy. In })la,nt pathology 
(he infra,red ha,s providc'd a, va,lua,ble nietins of studying a,nd diagnosing plant diseases 
in which t lau’e is chaIlg<^ in (,h(i pigiiK'nl. or c.<^llula.r ma,(,cM’ia,l. Dilicnmt kinds of wood 
sliow ma,rk(Ml variation in lladr (,ra,nspa,r(m(';y (,o (he infra,rcd, a,ml pliotographs have 
shown that tlui infra,nal may be of mu<d» vaha; in c.oal ixdrology and otlun- Helds of 
paleobotany. In (Ik^ i,(‘x(.il(\ industry infra.r(xl i)ho(<)gra,[)hy has he(m successfully 
a.pi)li<Hl (,o l,h(; d(d,(M“(ion of irrcgulariti<‘S in i,h(^ ilycang and w(ai,ving of (doth and 
(h'una.gc: to tlu.) Hlxu’s, particularly wh(u*(^ tlu^ ma,t,('ria.l is dyed in siudi a, nummu' as to 
render visiud ob.scu’va t ion diflicull,. d'hc: gra.t)hic-a rts indust ry ha,H us(vl infrared- 
.sensi(,iv(^ platens t,o dilf(U'('nt,ia,(Ix'twfxui light, and dark blues iu multicolor printing 
atul in preparing t Ix^ m'ga t.iv(‘ of t Ix^ blmdv |)rinl,ing jilatc^ from originals prepared in 
spcjcially s(dec((Hl colors. In t he fi(dd of t(‘(dniplogy otix'r applications are in the study 
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of the interiors of furnaces while they are operating, the detection of carbonaceous 
matter in lubricating oils which have been used in internal-combustion engines, and the 
study of the porosity of tin plate. Infrared photography has proved of enormous 
value in astronomy and spectrography. Hundreds of new lines have Ixhui recorded in 
the spectra of the elements, and much has been learned of the composition of tlu^ stars 
and of the atmospheres of the planets. Photographs have been made through the 
haze of nebulae, showing up stars normally invisible behind them, and largo numbers 
of new stars have been discovered by the infrared radiation which they omit. It has 
been found that the night sky is relatively much stronger in radia,tion of wavelength 
8600 A. than in the violet and blue parts of the spectrum. In photomicrography 
much use has been made of the infrared in the fields of entomology, cytology, histology, 
embryology, and botany. In general, photomicrographs of deeply pignnmtcMl tissues 
and the thicker microscopic sections and specimens show details of intm-nal stnudure 
when made by infrared which are not visible in ordinary photomie.rogra.phs. 

Special^effects Photography .—The dark skies, black shadows, and light grass and 
trees, characteristic of outdoor infrared photographs, give them the a.]>pea.ra.nee of 
having been made by moonlight. Advantage is taken of this in the inotioii-piel uro 
industry to make imitation moonlight photographs by operating in bright sunlight. 
The method is superior to the use of underexposure of sunlit subjo<!ts, whicdi has some¬ 
times been proposed, and it has the advantages of not requiring the tra.ns|>orta t ion of 
lighting equipment outdoors at nighttime and of imposing no abnornial dmna.nds on 
the players. Moonlight itself cannot be used because it would require exposun'S 
which are unattainable in motion-picture practice. 

Works of Art .—Infrared photography has taken its place with chemical study atid 
X-ray and ultraviolet photography as an important means of doterminiiig the a ul hen- 
ticity of paintings. Pigments vary in the way in which they tra.nsnut and n'lha*!, th(^ 
infrared, even if they appear identical in color. Infrared xiholography c*a,n, 1 hen'Torc*, 
sometimes be of use in detecting the presence of overpainting and otlun- alt(U-alions 
and in distinguishing between an original and a later copy. iTuportant factors ar<> I h<i 
varnish and medium, which differ in their infrared transparency a.ccording to lluar 
nature and age. Paintings which have so deteriorated due to darkcuiing of the va rnish 
that detail can scarcely be seen may be revealed by infrared phof,ogra.i)hy. Similarly, 
photographs, daguerreotypes, engravings, drawings, maps, and otlnu-such <locum(ui(s 
which have become l;)adly discolored or faded by age or misuse ha,vt^ becui sinaa'.ssfully 
photographed by infrared. 
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COLOR PHOTOGRAPHY 


Magenia 


Blue 



By Olindo O. Ceocarini 

Introduction. —It might be safely said that color photography Ix'gan with the 
formulation of the wave theory of light by Wlinsch and Young and th(^ tluKiretic;!!.! 
work of Helmholtz and Maxwell. 

White light can be decomposed into a very large number ol (colored radia tions, and 
the colors constituting the visible spectrum range from violet to deep red. 

The three colors particularly striking to the human eye a.n^ blu(\ gremi, and ri'id. 
Maxwell demonstrated that a mixture of blue, green, and red lights in a suitable 

proportion produced the iihysiological sen- 
sation of white light. 

Mixture of Colored Lights .—In mixing 
colored lights the luminosity of tlu^ mixture 
■Yethw is greater than the luminosity of (‘a,eh (uilor 
alone. Taking, for instama’:, blu(‘and greim 
Whife lights, it is possildo to obtahi all (.In’! [lossibh^ 

' Green «hades from the pure bliu' to the pun' gn'i'u 
by suitabhi va,ria,tions of tlu^ individual (uim- 
ponents. The diagram of Fig. 1 represi'iits 
, the colors to be obtahied by mixing lights 

of the colors,” blu(', gnam, and 

, . ... red, taken two bv two a,nd a.ll threi^ 1.o- 

lightsof “primary colors.” gather in proportions suita,ble to produce 

white light. 

Yellow is evidently produced by the addition of rod a.nd gri'i'ti priumry lighl.s, and, 
since it does not contain blue, it is called its “complementary,” or “minus blmv” 

In a similar manner the addition of blue and gnuui lights giv<\s blue-gn'i'u (also 
known as “cyan”). Cyan is evidently “ com piemen ta.ry ” l.o ix'd, or “minus n'd.” 

Red and blue lights produce “magenta” which is “com[)l('men(.ary ” to green, or 
“minus green.” 

Pigments .—The behavior of a mixture of imloriMl pigments is ent.iri'ly diffen'nt 
from that of the mixture of colored lights. For instamu', a, yidlow [lignu'iit spn'ad 
evenly on a sheet of white paper, if observed with a speetrosiaipi', shows pra,<-tiea.lly 
complete absence of blue light. The conclusion is thi'refon' (hat (he yellow “absorbs ” 
or “subtracts” blue from the white light reflected by tlu^ papm. If now a. magenia 
pigment is added on the yellow, the resultant color will be a, diu’:]) n'd, for bot h blue 
and green colors have been subtracted from the light of thc! papi'r. Adding now a. 
cyan pigment to the two already existing the result will be “hhudc” or tin' (Mmiiih't.e 
absence of color. 

The diagram of mixture of pigments is given in Fig. 2. 

The photographic analysis of a color object is carried out with filters of primary 
colors, while the synthesis can be performed by mixture of lighl.s a,Iso of iirimary 
colors giving rise to the so-called “additive process” or by mixture of [liguu'nl.s in 
complementary colors by means of the so-called “subtracd ivc^ proe.ixss.” 
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'Blue-green 
“Cyan ” 

Fio. 1.—Diagram showing effect of mixing 
lights of “primary colors.” 
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The additive process finds its application in the making of color transparencies. 
It is also used sometimes for the projection of motion pictures in natural colors. 

The subtractive process can be used for transparencies and for motion pictures in 
natural colors the same as the additive process. It is in addition the only succesabil 
process which permits obtaining natural-color prints on paper to be viewed by reflected 
light. From this particular standpoint the subtractive process is by far the most 
important of all the photographic color processes as yet evolved. 


Yef/ow 



Fiu. 2.—Diagram showing mixing of pigments. 


Descrii)tion and working instructions of the various subtractive and additive color 
])rocesses practiced today will be giv(m in the order of their importance. 

Color-separation Negatives.—The production of color-separation negatives from 
the original suhjcM't n^presents the first step in any color procuiss. Three exposurcis arc 
necessary behind rt'd, gn'cai, and blue filters, rospectivt^ly. 

An (^x(H‘ptioii to Ibis rule is in the case of tlui .so-(a‘i.lled “(udor screen plates” or 
films by tlie addit iv(^ nub hod in which the original lu'gat iv(i, containing the thrc(veolor- 



400 450 500 550 600 650 700 

Wavelength 

'rr:i.iisniis.sif>n ehnrnc;tieris(.icH of Wratt.en tricolor fih,(‘rs, 

til((n (dcnumts in mosaic form, is convcrh'd hy ch<‘inic;d r('vcrsnl to the final positive. 
ddi(!S(‘ color s(U'(‘('ii pl;il('s and [ihns will he <h*scrih('d later. 

d'he dins' primary-color fihnrs iiecc'ssaay for making dic' thr('('-color-s('pa.ra,iion- 
negative's must n'spond to e('r(aln dehnil.ie re'ejuin'iiu'tits. lOach flKi'r must eov('r a 
e.onvM'nient sis'lion of I he visible' speu'Irnm anel must eive-rlap inte> the' reegiem of thei 
aelja,e'emt (ill-e'r by a. nieiele'rat e* a.meiunt. 'Tlie' eharacte'rist ies eif llie'se' (ilte'rs havei beein 
eixl.ensivedy elediate'el, bid. the* re'e'e'td. inv(*s(.igations eif I). A. h[)e'ne*e'r' liavee j)re)ved 
conclusively that the' pre'se'iit eeeimm<'re'ia.l sl.a,n<la.rel liUe'rs, e>l' whie'h thee VVratten 
thre;e-color filters a,re l.ypie'al e'xa.inplea, reepre'se'id. (lie' he'st jie^ssihlei ce)mpre)mise 

I SpBNcaou, D. Phot. July, 192.5, p. 277; Prnrom-. Ann., 192H. 
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when the characteristics of three-color printing pigments and inks are taken into 
consideration. 

The characteristic transmission curves of the Wratten three-color filters Nos. 25, 
47, and 58 are given in Fig. 3. 

The presence of a color filter in the path of the light reduces the total amount of 
light reaching the photographic emulsion and therefore a longer exposure is necessary. 



1 2 3 4 5 

Steps of Neutral Gray Wedge 
Loo||( 5 Exposure Meter-Candle-Seconds 


Fig. 4. Typical characteristic curves of panchromatic emulsions. Gurve H roi>resenta the 
characteristic of the film when exposed through a green filter. 

This increase in exposure is called the “filter factor,” and it is ordinarily given by l,h(^ 
manufacturer of the photograpliic material. In the case of three-color filttn-s t.he 
factor pertaining to each filter is of such value as to permit ol)taining tlu^ same g<meraf 
results when all three nega tives are developed all together for the same kuigtlv of time. 
For accurate results color-separation negati\n';s should he; dc^viiloped to tlu^ saam^ 
contrast, which, as we shall sec imrnediatedy, requires dillVu'ent (Icivclojiiiig titiH'^s. 

Luminosity rarigre 

1 2 4 8 16 



No. 1. No. 2 No. 3 No. 4 No. 5 

Flu. 5.—Gray scale or neutral-tint wedge. 

Therefore a slight readjustment of the filter factor is desirable for c<)lor-s<qia.ra.(.i(>n 
negatives to be correctly processed. 

A typical characteristic curve of a panchromatic emulsion is given in Fig. 4. 

The curve is subdivided into three well-known regions: underexposure, the u.s(‘- 
ful region, and the region of overexposure. 

The necessity of correct exposure in color photography will lie immediately evidtujt 
from the following considerations. 

Let it be assumed that a neutral-tint wedge. Fig. 5, is phuuMl alongside tin; .subjec.t. 
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The various grey tints range from almost total black to almost the pure white of 
the paper. A successful three-color process should permit a faithful reproduction of 
the above wedge by means of the complementary printing pigments, yellow, magenta, 
and cyan, taken in the correct amount and superimposed one on the other. If we 
refer again to Fig. 4, it will be noticed that the light range represented by the straight- 
line proportion of the curve (useful range) for this particular emulsion is just about 
16 to 1 (density 0.4 to 1.6 or transmission 50 to 2.5 per cent). This is also the lumin¬ 
osity range chosen for the gray wedge as indicated by the figures above each square. 

In order to faithfully reproduce these luminosities in the negative, it is necessary 
to choose such an exposure as to give, upon correct development to gamma of unity, a 
density of 0.4 to correspond to step 1 and so on to density 1.6 for step 5. If the 
exposure factor for ea,ch one of tlie three-color filters is correctly chosen and the three 
negatives are developcul to exactly the same gamma, the three wedges will appear 
identical and will have the same densities l)y actual measurement. Under these con¬ 
ditions (^iich sxiccessive step of the wcnlge from liglit to dark in the negative represents 
th(i same increment of density, or the light transmission of each step is one-half that 
of the previous stf^p. 

Now 1<4. it be assumed tliat one of the negatives (the green-filter negative, for 
instance) has IxHui expos('<l twicer as much as the others. In this negative the density 
a.nd transmission of the various steps will Ixi as given in Table I (dotted curve of 
Fig. 4): 

Tahiu') T.—Dkntst'i’Y .\no Transmission op a. TypicAn Sensitometric Strip 


TUI iuh<*r 


'rranHiiiisHioTi, 
jior cent 

1 

0.7 

20 

2 

1.0 

10 

H 

1. 

5 

4 

1, () 

2.5 

5 

1.75 

1 .78 


It is cvid(mt that in tins ca.s(' tlu^ ratio betwenm st(>ps is constant except for the last 
sttqi, whi(di shoidd ha,v<^ had a (haisity of 1.9 instcaid of 1.75. When printing the.se 
m'ga.tivcs, it. is m'c<w.sa,ry to print th(^ gr(‘en-s(q)a,ration m'ga.t.ivc^ twic.e !i.s long as the 
othfu- t.wo. 'This pnaaslurt', ho\v(w<'r, will give threx^ prints in which stc:ps 1 to 4 are 
c.orn^spondingly th(^ sann*, but. st(‘p 5 will Ix^ luaivier in tlu^ c.a..s<M)f the grixm-scqiaration 
negative' as (‘ompa.r<'d with s((^p No. 5 <>l l.lx' blue a.nd rc'd s<'pa.ra.t.ion. All.tu' tlxi t.hnui 
positiv(^s :i.r(' (X)nv<‘rt('d l.o the f.hnx^ (xmiph'nu'ntary (colors and suixu-iinposed, it will 
Ix' found tha.i, sl(>|)s 1 to 4 an* of luadral gray, corresponding to tlx; origimd; but .step 
No. 5 will apix'ar reddish, bc'ing deti<-i('nt, in yedlow a.n<l cyan. 

If the: raiig(' of luminosity of the: wcxlgc: ha.d Ixx'ii S t.o 1, t.lx^ nqiroduc.tion would 
ha.v(^ Ixxm corn'ct .all I h<^ way through in spites of t lx^ oviua^xposure of the green- 
.si'pa.i’a.t.ion nc'gat.iv'e. '^Plx* .sa.m(' a.[)plic.s t.o t.lu' (a‘t.s(' ol und(a’<'X[>osur(' of soim^ of the 
<;<)lor-.s(q)a.ra l.ioti n('g;i.( i ves. 

/llun anal tori, of ihr ^KuhjerL 4dx^ c<)n.si<l('ra.t,ions p(u-ta.ining to the luminosity 
ranges of l,h<' gray we(lg(' ap|)ly ('(lually wt^ll t.o tlx' ra.ng<^ Ixdwaam tlui high lights and 
t.he sluidows of t.lu^ subjcx't.. 

While: e:xl.r(au(' ratigai lxd.w(xm light. a.nd .sluidows should Ix^ avoidixl for tlxi r(;ason 
just (lisc.u.ss<xl, a,lt.og(d.h<u- t.oo much st.nws has Ix'im phicod in the i)a..st on the desira¬ 
bility of (lat. lighting. 
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The fallacy of a totally flat light can be best seen by an axtrenaely elementary 
example. Assume a red cube placed on a white cardboard. The earn era lens looks 
at the, cube at 45°. If the cube is illuminated by a uniform light all around, the 
finished picture will appear as in Fig. 6 which, although it shows a red object on a 
white background, does not give the faintest indication of the actual shape of the red 
object. Illuminate now the red cube with a single light source at an oblique angle. 
The results will now be as in Fig. 7. 

Evidently proper lighting is giving perspective, and it shows correctly the geo¬ 
metrical shape of the object. Color in this case adds the additional information of a 
red cube onto a white background. 

To.be of real practical value, color photography must be made to (^xtcuid t he s(a)pe 
of black-and-white photography. 

Since the filter factors vary considerably with the type of light, it is not permissible 
to mix lights of different types. If it is necessary to diffuse the source of light, this 
should be done with wire gauze or any diffusing device which does not introdu(*,e any 
change in the color value of the light. For the same reasons discolored reficKffors 
should also be avoided. 

The light source should also he steady. Daylight, incandescent, and photoflood 
are alb equally satisfactory. Each type obviously, requires different fiKer factors. 



minated by flat liKhtiug 
fails to show tone 
gradations. 



Fna 7.■--(hll)(^ lightc'd 
oblitiucly. tSovoral tones 
tire iiresent,. 


The host method of ineasurcnumt consists in reading witli ;i, pho|.omet('r f-h<' liglit 
reflected by a white card placc'd directly over tlu' higli liglits of the subject, ddiis 
<!xposure should be slightly Ixtlow tlu; overexposure mark. l<]xposure met,ms, such 
as Weston, carry this infornmtion. 

I* l^sh bulbs also can Ixi us<xl stitishictoiily, but great exptsriixxx^ is mxx'ssary. It is 
advisable to arrange the light ing tmd composition first by nuvuis of inc;i,n(l<‘sc<mt bulbs 
placed in proximity with flash bulbs. Just before the firing <jf the fhushes f.he inejin- 
descent lights can be turned off. 

It is not always possible 1,0 identify the throe color-s(ij)fi,ratTion ni'gativi's and in 
order to avoid errors tlirei; patches of colors corresponding to thnxi filt.ers or, if di'sired, 
to three comploiuentary printing colors sliould be placisd along side th() n(!ut,ral-gra.y 
wedge. 

When the gray wixlge and color patches are properly illuminat.(xl to (xirnxspond 
approximatidy to the high light of tlu^ subject, they will serve sev(>ra,l purpose's; i.c., 
identific^ation of tin; negativiss, men.sureinent of contrast, .'iml im'asun'im'iit of printing 
ratio. The identification of tlie luigativcw can bo obtaimxl also by suitabh' marks 
along the edges of tlx; Imhlers or of tlu^ filters in close cont.aet \vi(,h tlu; ('inulsion, and 
the contiast of deviJopment can lx; assured b.y standardizing (iinc^ and (i‘m|X‘ral urc'. 
Howe.vt-i, the, possibility ol being able to mcasurii tln^ printing ratio is a eniiva'iiiemie 
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which, must not be underestimated if one wishes to avoid disappointments and waste 
of time and material. 

Sensitive Material. —Panchromatic, films and plates sensitive fo all colors are 
ordinarily used for obtaining color-separation negatives in connection with the three 
primary-color-separation filters—red, green, and bine. 

It is possible to deviate from this rule by using an ordinary plate or film sensitive 
to the Idue end of the spectrum only for the blue-separation negative without blue 
filter. This type of .material a,p])roaches very cdosoly the characteristic of the standard 
blue filter. 

For the green-separation negative it is possible to use an orthochromatic emulsion 
which is sensitive to blue atid green in connection with a yellow filter or the standard 
green-separatioir filter. 

For the red the usual pa,nchromat ic. emulsion and red filter is always used, as an 
emulsion scnsitizcid for red only to be used with either a yellow or the standard red 
filter is not easily obtainable. 

The combination of ordinary emulsion for the blue, orthochromatic emulsion for the 
gi-een, and panchromatic emulsion for the red can be obtained assembled as a unit 
under the commercial name of Tripac. Put up in this form the ordinary and ortho¬ 
chromatic em\dsions are 1 ) 1 jic(hI face to face, and the panchroinatic emulsion is placed 
behind. 



Fi<n S. Pholometric weclKo for onmlsion tests. 


The ordinary or blue-sensii iv(i (onulsion ca.rri<!S a yellow tlyc^ which jna^vemts the 
blue light, from pcauhniting into tlie following two tamilsions. Tlu^ orl.hochromatu^ 
m^galivc'S ca.rry on t lunr backs a, htyer of gehil.in couta.ining a n^d dye ac.ting a,s filter 
for t,lu^ ba,(^k (‘inulsion. 

The t,ripa.ck (am Ix^ (^x[)o,s(*(l in any ordimiry <^a.Inera, provid('(l with a, suitable^ holder 
for mainta,ining t,h('. three emulsions in good c.onl.a.c;!. It ha.s ma.ny disadvantages, 
how(!ver. It is slow as (xnnpanxl with other a.rra,ng(un(mts. The grcum-st'pa,ration 
n(^ga.tivei whi(di prints magenta, is slightly (UITuscmI owing to the light scattercnl by the 
frotit ('inulsion, and the rc'd negative or cyan printer, which should contribute most 
t.o the definition, is decid('dly diffust^d. The tri[)a.ek represent,s soh'ly a (lomiiromise. 
Other combinations involving t he use of tripack n,nd bipack will he described in con¬ 
nection wit h various types of color c.a,mera.s. 

Negative Deiudoirinent.- - 'VUa devi'lopment of color-s('pa.ra,t,ion negat.ives should he 
carefully standardized and a, (h'vclopi'r wltudi can Ix^ discarded immedia,tely alter use 
is mucli joreferred over others whi<di allow r('p('at<'d u.se. Very sa.l,isla.ct,ory typcis ol 
developers for l.his pui'posc: ar(^ tlu' I hrc(^-sol ution pyro dc'Vi'lopcr, the two-soluti<jn 
|)yro developer, a.nd l.lx' t lirec'-sohil ion ni(*l,ol-j)yro <lev<^loj)cr. I'ja.st ina,n lorinuhis 
Nos. 1)1, 1)21, and 1)7 an' typical. 

A st,a,nda,rd l,em}xu'a t,ur(' for t he dcvelopi'r should Ix' (h'cidcd uixm and maiidaim'd 
to a,ssure uniform results. 

In order to dc'l.i'rmim' t h(' corn'd lim(' of (h'vi'lopuu'ul, a, iiholonu'l ric wedg(' (Fig. 
8) and a, deinsitonu'ti'r (h'ig. fi) a n' lU'ccssary. 
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The following is the usual procedure: An incandescent light source over which can 
be placed in succession the three standard color-separation filters shoidd be arranged 
conveniently in the darkroom. Five pieces of the negative material to bo tested 
should be exposed, each for the same length of time, in contact with the photometric 
wedge with the red filter in front of the light source. A similar number of exposures 
are to be made with the green and with the blue filter, allowing, of course, for the 
proper filter factor. ^Vhen all the exposures are complete, each group ca.n be put away 
temporarily in a lightproof box while preparing for development. Of course, the 
negatives of each group must be properly identified with respect to the other groups. 

The rate of development is materially affected, not only by the composition and 
temperature of the developer, but also by the agitation during development. Further¬ 
more, a moderate amount of agitation is necessary in order to prevent irregularities 
and streaks around areas of heavy exposure. The most satisfactory method is to use 



Fig. 9.—Densitometer for measuring the transmission density of films or the reflection 

density of prints. 


a tank appreciably larger than for ordinary black-and-white m'gativc^s. With 5- by 
7-in. negatives, for instance, t.hc 1-gal. hard rubber tank with tlu^ r(‘gula.r No. •! Mast- 
man developing hangers is vovry cunnnmient. Use it for otily six n('ga.tivt^,s at a- t.inie 
with the standard pyro ABC developer made up as reeomnuuKh'd, i.e., 9 or., (undi of 
A, B, and C and water to mak(^ up I gal. at a temperature of 68“lf. The six negatives, 
which are first loaded in the hangers, are immersed all together in the (kw'elojau-, i)ull(al 
out of the developer, r(jiinm(u-sed all together twice, and th(vn pushed all togtd lieu- 
toward one end of the tank. Then one hy one thc^ m^ga.tivc'is are slid toward tli<‘ 
opposite end of the tank and so on back aiul forth until t he time of develoimunitr is up. 
During these back and forth movenumts, the negatives should always be mainlaliu'd, 
fully immersed in th(i dtwoloper. At the completion of d(“vel<)j)ment tlie n('gativ<‘H 
are lifted out all togtllier, given a brief rinse, and thim imm<u-sed in l.he fixing bath. 

For carrying out the development test with the negatives (^x[x)setl htdiiud tlu^ 
photometric- wtulgo described, tin; following is a convenient pro(!(;(lur(;: The (l(;v(;l(>p<;r 
is carefully <;oinpoun(l(;<l aiul ifs t(;inperature adjusted to ()8°F. ''I'hree tanks (;<)n- 
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taining developer, rinse water, and hypo are placed alongside each other with the 
developer at the left. The exposures made with the red filter are loaded in the 
hangers, they are placed in the developer, and agitation is started in the manner just 
dcsci’ibed. At the end of 6 min. the first negative at the right is removed, rinsed for an 
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Wedge Density 

Fia. 10.—Clmriiei.eristieH of |>ilIu•hromi^(,u^ material exposed through red filter. 
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1 1 ,~CUiara,<*t (nnai icH of punr^hroinnl i<^ ni:it,aria.l i^xpoHcal t hrouiL!:h f^roeii filter. 


insfaiit, arid tluai i)Ia.c(Ml in (.h<^ fixing’ hiit li. In lh(^ rnenrilinu* the agitation and devel- 
opiinadi of th(^ natniining n<^ga.tivos contiTuu's in t.h(^ normat wa-y. At the end of 
<S min. th<‘ ,s(M*<)nd n<‘gativM^ iit, tfn^ rigid, is nnnoxaMl from l\u^. d(^V(do[)(n% rinsed, and 
[)la(*<‘d in tli<^ fixing ha.f h. ddiis procaMliin^ is rollowaal till th<^ hist lu^galavc^ is rcnnovi^d 
from llu^ d<'V(d()i)(n’ at th<^ imd of 20 min. In (diis manner the red negutives are 
developed for 0, 8, 11, 15, anti 20 min. 
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The negatives exposed behind the green and blue filters are developed in exactly 
identical manner with the developer renewed each time. 

When all the negatives are dry, they can be measured in the densitometer and the 
values thus obtained plotted on cross-section paper with the density of the wedge on 
the horizontal axis and the density of the negative on the vertical axis. 

Three families of curves are thus obtained, one for each filter. The va.luc of gfimma 
or contrast for each curve is the ratio of the intercept on the horizontal axis to the 
intercept on the vertical axis by the straight line passing through the straight section 
of the curve and prolonged to meet the horizontal and the vertical axis. 

Figures 10, 11, and 12 are typical tests conducted on Dupont panchroinatic films. 


Densitiejs of Negative £ 


Density 
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Developing time, min. 
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Fig, 12.— Characteristics of panchromatic material exposed through blue filters. 


It is obvious from the time-gamma curve that in order to obtain a, gnnuna t^qual 
to 1 with the Wratten three-color filters and ABC pyro denudoper at tlu^ 

red-, green-, and blue-separation negatives must be developed 11, II, and 20 min., 
respectively. 

The blue-filter negative of a given panchromatic emulsion usually re<iuir(\s a 
longer development time to build up the same gamma as the other two m^gatives. 
This phenomenon can be partially explained by the fact that bluci light [umetrati's 
less into the depth of the emulsion as compared with light of longer wave hmgth.' 

In color photography the most satisfactory type of negative is one which give.s a, 
good print on a normal type of bromide paper. This corresponds to aiiproximafely 
unity gamma, and such value shovdd be adopted as standard with great advantage. 

Cameras and Equipment for Exposing Three-color Separation Negatives.— Bcifore 
entering into discussion of color printing processes it will be convenient to review tlu^ 
type of cameras and various equipment for exposing three-color-separation mgativc's. 
The types of camei'as here described are those in which each color-separation n('g!i,tiv(‘ 
sees the total cone of light emerging from the lens. 

These types ai-e therefore frcie from the so-called “parallax” error whi(di occurs 
when each color-separation negative covers only a zone of the exit pupil of a hms. 
Cameras with parallax errors are also defective from the standpoiid/ of even dist ribu- 
tion of light throughout the a,rcni of negative. 

1 All exception to this rule is the new Ilford Trichronie plate wliich builds up tlie same Kiiniiaa 
spective of the filter* Therefore three color-separation negatives made with this type of plate are dev<^l- 
oped for the same length of time. 
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The color-soparatioii negatives of still-life subjects indoors can be made by succes¬ 
sive exposures with an ordinaiy camera rigidly mounted to preclude any chance of 
movement while changing negative holders and color filters. The filters can be slipped 
onto the lens in the usual manner. Care must be taken that the three film or plate- 
holders register correctly. 

Several devices to shorten the total time required for the triple exposure have been 
invented, among which outstanding is the repeating back by Miethe. 

Colour Photographs, Ltd., Ijondon, has introduced the fully automatic repeating 
back, in which the sliding of the plateholder and the operation of the shutter is accom¬ 
plished automatically in accordance with a predetermined setting. 

A repc^ating l)ac.k in its simplest form is obtainable from the Autotype Company, 
Tjondon. The three-color-separation filters of a repeating back are placed imme- 
dia.t<^ly in front of each negative. 

The most satisfa.ctory nudhod of obtaining color-separation negatives by simul- 
tan(K)us oxposurtJ is by subdividing the light emitted from the lens l)y means of partial 
re f 1 (‘ctin g m i rrors. 


tSinglc-ndrror Camera .—The simpl(\st form of 
c,a,inera designed on this priiuhide is the one involv¬ 
ing the use of a singh'. partial reflecting mirror and 
shown schematically in Fig. 13. To obtain three- 
color-separn.tion negatives with this type of camera, 
i(. is nec(‘ssa,ry to ('xpose two of the negatives in 
l)ipa.ck arraugeinent. Thc^ location of the bipack |,^' 
in the (ainu'ra, (h'peiids eiitirc'ly on the nature of the 




|)a.rtinl mirror, d’he following important points 
mus(> be <-ar(‘rully (;onside;rc‘(l in, designing the 
ca itK'ra.; 

1. The (a)mm(*rcia,l bipack a,va.ilal)le today is 
composed of an ort hochrorna th- (utudsion in frojit 
and a. paiichromath^ (unulsion in the back. The 
two emulsions are ra,cing (>a(di other, but the; front 
(unulsion has a.n addit ional lay<u- of gelatin (tarrying a 



Fui. 13. —Diagram illustrat¬ 
ing optical system of single- 
mirror camera. 


reddish rd(,<M- dy(u If tlu' bipa,ck is ('xposed through a magenta or mitius green filter 


(Wra,ti.(m No. 32), i(> yic'lds a. blue-scmsation tugative (front (unulsion) and a red- 
s(uisat.ion n('ga,tive (baxdi (unulsioo). If, on tlu( othoi: hand, the bipack is exposed 
through a, y(>llow lilbu- (Wrattcu. K3) it yi(dds the gr(uui-s(uisa.tion lU'gativo (front 
(unulsion) and rcd-scuisation n(>ga.tive (ba.c.k (unulsion). Under this condition the 


H('nsit.ivi1y of the nul ix'gat.ive ovcu-hqxs sotn((wha.t too much into the green. 

In a.ny case t lx' nul ix'gatjvc;, which giv(!S a positive in bhui-gremn or cyan c.olor, 
is d('cide(ily dilTus(‘d dix^ ( <> t Ix^ se|)a ral ing la.y<‘r of gc'hU in ca,crying tlx^ nul filter and tlx^ 
light-s(ud t,(U'ing (‘ff(“cl, of t lx( front, emulsion. The blue-grcHUi color of i,he positive 
print is tlx' most, imi)ortanl color for a.ssuring t he: devtinition of the whoh; picture, and 
l,h(“r((for<( l,h(( use of tlx^ sl,a.nda,rd bipa.(d< lor tins t,ype ot e,a,mera, shoidd be avoided il 


posHil)le. 

2. Tlx^ commercial t ripack (%u,n be split uj) for use with the single-mirror ca,mera in 
two pa,rt,s by nunoving (he back (urudsion to lx; (;xpos(id sei)a,ra,t,(;ly. The two front 
(unulsions (;xposed as bipa,(;k, but, without a,ny filt,(;r, yic;ld a, shaip blu(;-s(;nsal,ion 
/x;gat,ive (front, (utndsion) and a vt;ry slightly diffus(;d gro(;n-s(;paration rxgative 
(H<;coml (unulsion). Kirxu; a y(;llow filU;ring dye is in(;orporat(;d in the first enudsion 
without a.ny (;xl,ra, la,y(;r of g(;la,t,in, the conta,c.t Ix'twcen tlx; two front (;nudsions is 
nui(;h (;los(u’ f,ha,n in f,h(; c,as(^ of t.Iu; sf.andard bipa,ck, and tin; icsidting gr(;c;n-s(;para- 
tion n(;ga,(,ive is Hunici(;id,ly sharp for all pra(;ti(;a,l purpos(;s. 
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3. In case of a partial mirror made of plain white glass aluminized and camera 
balanced for incandescent and photoflood light, the mirror must be metal coated to a 
ratio of reflected to transmitted light of 3tl. By making the reflected beam the 
greater of the two, the secondary image created by the back surface of the mirror is 
not sufficiently strong to record. With this arrangement the two front emulsions of 
the tripack are exposed at right angles in the reflected beam without filter, and the 
third or back emulsion of the tripaek in the transmitted beam through the standard 
red filter (Wratten No. 25). The ground glass for focusing can be placed in the 
reflected beam. The glass mirror, of course, must be optically flat but not too thick, 
otherwise the distortion caused by the refraction of the glass might become too great. 
A moderate amount of distortion can be compensated by tilting the plateholdcr 


carrying the red negative. 

4. To avoid the refraction error and the presence of any secondary image, the 
partial mirror can be made of extremely thin transparent material, such as collodion, 
stretched on an optically flat frame. This transparent film can be also coated with a 
thin deposit of evaporated gold or aluminum to the desired reflection-transmission 
ratio. In this case it is immaterial as to which of the two beams is the greater. 
Obviously the bipack will be exposed in the path of the stronger beam. The idea of 
using pellicular mirrors for color cameras is quite old (see L. Geisler, U. S. Pat. 1060444, 
Apr. 29, 1913). Geisler also suggested coloring the thin transparent mirrors for the 
purpose of using them for filters as well. 

When the reflected beam of a pellicular mirror is much lower than the transmitted 
beam, then the angle of the mirror with respect to the optical axis should bo pn^ferahly 

less than 45° unless a very long focal-length 
lens is used, otherwise there is a dang(n' of 
uneven distribution of light throughout, tlu; 
area of the reflected beam. This l)ocoinos 
immediately evident from Fig. 13. 

The angles of the l>oundary rays in Fig. 




Fio. 14.—Uneven angle of reflection Fig. 15.—Reflection (coefficient of a glass 

of boundary rays for mirror placced at surface in air as function cjf angle of iruidenec. 
45°. Index of glass = 1.55. 


14 are, respectively, 35° and 55°. The coefficient of reflection for a pellicular sur¬ 
face having an index of reflection of 1.55 would bo 5 and 9.5 per ctmt, rcspccd.ivoly, 
for the surface without any metallic coating. The unevenness of illumination is t lu^rc'- 
fore quite apparent. This unevenness, however, decreases matcirially as tlie t.hick- 
ness of the metallic coating incrciiscs. 

The construction of this type of camera is quite simple as the only necessary 
requirement is to maintain the length of the optical paths identical with resi>ect to 
both beams. 

Douhle-mirror Camera .—The most satisfactory type of camera for three.-e.olor- 
sonaration negatives is the double-mirror tvne. The mirrors in this camera can bo 
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a.rningcd in various manners, each of whi<!h offers its own advantages and disadvan¬ 
tages, In Figs. 16 to 21 are shown the arra.ngements most commonly used. 

For (anivcnience of reforencici the three pa.rtial beams arc indicated throughout as 
No. 1 ior the first reflection, No. 2 for the second reflection, and No. 3 for the beam 
straight through. 



inirrorB at right angicis. 



Fui. 17-—Optical system of 
t,w()-ruirror camera in which 
first, mirror is at 45*^ angle and 
Bocond at. smaller angle to inci- 
cont light. 


Th(u*o is ind('(Ml v<m\v lit tle dirhu'ema^ bcd-wiaui t,h<^ various a.rra.ngements and (^a.(di 
on(* <^a.n lx* proj)(ai;\^ s(4 uj) to give'sal isfa.etory ixul’orma.iKa*, })rovi(le(l that tlui ruMU^ssa.ry 
l)r(H*a.ulions ar<‘ tak<Mi in (*arrying out <\*ich <l(\sigm In n,ddit ion it niigiit b(" said that- in 
gcMuu’al I h(^ wcvik points of om* {>ar( i(nilar a.rra.ngemeut are not necessarily shared l)y 
the others. 



I'io. IS. <)pti('nl syst <un of 
(l()ul)le-fnirror {'iinua'a. in wlu(4i 
l>ot In mirrors an' a( angi(\s 
srnalha’ lhan IT)'* to t h(‘ incithnit. 
light.. 



l''i<1 U. ( )pi inaI syst (*m 
of <l()u 1 >l(^“inirr<>r (niitu^ra. in 
which l)oth miri'ors ar<' 
para 11(4 Jind at -15'^ (o Ihc^ 
incidcait Ixai.m. 


Th(‘ following g(ui(M*aI {’(Onarks apply to all tin* various jirra ng<mi<‘n t s: 

1. Partial mirrors of |)lain \vhit<‘ optical g;lass should lia,\’e the r(dl(M‘t(al Ix'ain 
gnuittn* tluin, oral l(sn.st (Xjual to tin* t ransinit.t ed Ix^ain. 4^his is m‘e<’ssnr\' to r(ulu<*(' 
t hcf s<‘<*()n(la.ry image to a n('gligil)l(" (piantily unhsss th<‘ I)a(*k surlata* is va.(X)rat ed 
with a t.nuisi)anmt suhstaiux' of rf4’ra(*t iv<' imhoc lowcu’ than that ol tlu^ gla.ss iiscdl, 
or unhiSH the surface ol t.lui glass is <4iiemi<\ally trt'ntxal t.o reduet' its index in contact 
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with, air. Colored glasses are in general more satisfactory but are more expensive and 
the sequence of the color filters becomes fixed once and for all. It is also obvious that 
with plain white glass the three light beams cannot be of equal magnitude, but No. 1 
beam is the strongest and No. 3 the weakest. This arrangement is satisfactory when, 
designing a color camera balanced to incandescent light. The angular position of both 




Fio. liO.-—^Oplical system of double-mirror namera when the mirroi-s nre uol on 1 he same 

vertical plane and are at an angle less than 45°. 


mirrors can be then less than 45° for cvcmness of light disiribution as pr<'viously 
explained. 

2. Pellicular mirrors permit any desired ratio htd.wecm refl('cl.(Ml a.nd transmitt('d 
light. The straight through or No. 3 bciam is gen('ra.lly ])r(thrn!d strongc'st . Tlii.s, 
how(W(n‘, demands that great('r at t.eid ion be givcm to I (lueslioii of ('veniu'ss of light, 
distribution. Furthermore, the light s<^attcr(Hl by the surface’ of tlu^ filt-t'r.s iat('ri)os(nl 

in the path of beartis 1 and 3 is dir('(d.ed toward 
negative 2 with the r(\sult of a, very slight fog 
a,ppearing in negative 2, partieuhirly with ('xtnuuely 
intense light and short exposure. This results in M.n 
iipparently lower gamma, which is in gcuu'ra.l not s(M‘i- 
ous but shouhl be avoided. The entxd of sca t t(u‘<‘( 1 
light is materially redu(*.ed by making t.he ix'fleet ioM 
of the second nurror gr(!a.ter tha.n it.s t ra.nsmission 
or by a.doi)ting the arra.ngem{mt of h’ig. 20. 
arrangcmumt of Fig. 19 is also frcM; from t his deh'ct, 
but gr(^a,ter emphasis must. Ix^ given to 1 lu^ i)robl(‘in 
of evenne.ss of light distribution, uidess t.lu' hms is 
of exceptionally long focus. In general the dispo.s- 
ition of Fig. 20 can bo considcuxxl n,s tluj most, sat.is- 
factory with any type of mirrors. 

In considering the subject of scattered light and tlie path which it follows it is 
solely necessary to compute its amount, which ordinarily is of tlie order of 4 ' t P«‘>’ (• 

of the incident light for normal incidence, and to consider tluit tlui pa,rt.ia.l nurrors 
behave in identical fashion with respect to the light which arrives from tlu^ hms o r 
from a different point within the canuira. 

In order to achieve the greatest possible speed, tlie first mirror is sometinH^s mmh' 
only very lightly coated, and the negative material facing beam I is a plain blue- 
sensitive eimd.sion of very high speed exposed without blue filter. Beam 2 from the 



Fio. 21.—D<mt)le-mirror color 
camera with mirrors crossed at 
45°. 
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so(50ud mirror, also lightly coated, faces a very fast orthocliroinatic emulsion with a 
yellow filter, and the major amount of the light in beam 3 faces a fast panchromatic 
emulsion with the standard red filter. Other alternative variations are also possible, 
but all these special arrangements seem to be hardly justified in view of extremely fast 
panchromatic emulsions available today.’- 

Whatever the type or combination of negative material used, a careful study of its 
development characteristics roust be made or obtained from the manufacturer in order 
to standardiijo the various processing operations. 

Color-printing Methods for Prints on Paper. —Of the many color-printing procesf^es 
developed, only those of pra(!tical value and in actual use today will be considered. 
Their description follows in the order of their practical importance. These processes 
are 

Carbro 

Imbibition—Eastman wa,sh-oiT relief and Pinatypc 

Dyehro (Combination of Carbro and imbibition) 

Chemical toning—Chromatone 

Gelatin relief with color pigment in suspension—Duxochrome 

Dye toning by the mordant process. 

The Carbro Process. Outline .—Bromide prints by contact or enlargement arc 
made from eacdi color-sc^paration negative. Carbon tissues containing soluble gelatin 
with colored pignumts in suspension are sensitized in suitable solutions and then 
squeegeed oni.o tlie appropriate bromide. During the time of contact, the sensitizing 
chemicals of tlu; tissues n'act with the silver image of the bromide, and a partial 
insolubilizal.ion of the g(‘latin of the tissue takes place in a manner proportional to the 
ciuiintity of tlie silvtu' of the image of the bromide. After several minutes of contact, 

I he tiss\u^s are sl ripjx'd from I he bromides and transferred onto temporary supports. 
Afttu' another bri(‘f la,i)S(^ of linu^, (h<; t(miporary supports with the adhering tissues are 
jdacisd in hot vva.t,(U’ in whicli tlu^ gelatin of the tissue, in still soluble condition, washes 
away, leav'ing a eolonal images in n'lief a,dhering to the temporary support. The three 
color imagiis in ndic^f an^ tlum finally transferred in nigistcr onto a final support. 

M('.(t inurement of (he N<'<j(itiveN. — AH er tin' t hree color-separation negatives have 
ixam ex})<)S('d a,nd developcal, (lay must Ix^ measunxl to d(dx;rmine the correct printing 
ratio. This is doin' by mea.sur<mi(‘nt of t ln^ densit i(^s of the various steps of the neutral- 
gray wedgii of ea,eh lU'gafive. Tlie rcisulls of mea,Hur<ummt should be entered in a 
notx^book in tabulatixl form sonnnvhat as in Table II. 

The dimsity of all (lui steps of (In^ gray wctlge luxxl to be measured only when 
eluxheing ( Ini (x>rr<‘c( ix'ss of (h'velopnnmt.. For t In^ purpose of determining the printing 
ratio it is only mxxissary to ineasun^ tlnr d<';ns(\st ste^i) of t he wedge in (^a,(di negat ive.^ 
Another important ineasuri'iiu'nt, {)nrticuhirly in jjortrait.s, is the demsity ot tlie fore- 
hea.d (h'.Il.). This nu'HSuri'nn'nt is used to e.oinput.e tlie basic t'xposure for the bhm 
broniiile. In aihlilion an empirical factor based on the measurement tif t,he foreh(>a.d 
density in the thn'e n('gativ(\s can Ix' readily deducted, and this information will be 
found useful at. ot lu'r timi's whi'ii for some n'asons the gray we<lge is omitted. The 
iiK'a.sureuients of the forehead ari" ol value only in ease ot leuiale studii's. Cox'at. 

' 'riu> (>iT(i<a.ivc (o (liiyliKlil, itf ii imrichrinuiit i<i (iliii ix x. (loublc-iuirror <'(un(M!i, iiiinlb, raxKe frniu 

WcHl.on 3 to uhout VVcHtoii 13. TIuh lx.st vulux oui 1><^ only with c-’ctrxmxly fast oxuitsioiin hvjcIi 

a.H lOantiriaii StU)<>i-I*axxliro-I*i<>HM wilh No. filter for t.li<( rxil xi'nat-ivc ax<l l']a,.sl.xiax Sxp(>i--()rtho- 
witli th<* K3 axil No. 47 liltfi.n for thx Kri-cu axil blxx xxKativc rx.spxctivxly. 

'rfu-oriif irally tliiH would lx- i-orri'fl. oxly for propixly xxpoMod xt‘Kx ti vi'.s. I Ixiiarturt' froxi f.rui! 
color babuict', bowcvxr, ia mo.stly notii-xalib* ix (bx liKht toxxs of a fiiUHbxil prixt, axd, thxrxforx, it i.s 
ilxHirnble to ailjiint tlix xolor balaxxx with rxHpi'xt to thx dxxHXHt ntx.p of thx wi'iIkx. Ix ca.sx of portraits 
it iH Ix'Ht to xonipxtx th(^ priuf.inK ratio from thx wtxp of thx wcxIkx whix.b xiont x<!iuly inatxhxM thx dxxsity 
of the forefx.!a(i of thx red filter xi'Kutivx. 
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Tabi<e II.—Measurements on Color-separation Negatives 


Printing color 

Step 

Den¬ 

sity 

Trans¬ 
mission, 
per cent 

Ratio 

Factor! 

Printing exposure and rexxiarks 

Blue (red filter) 

, ! 

1 

2 

3 

4 

5 

F.H, 

1.3 

5 

1 

XI 

1 — 12 sec. at //8; 3 X magnification; 

paper Illingworth normal; developed 
lp 2 min. in Amidol 

Magenta (green 
filter) 

1 

2 

3 

4 

5 

F.H. 

1.2 

6.3 

0.8 

XI.6 

1 

1.28 = 15M sec. “ 

Yellow (blue fil¬ 
ter) 

1 

2 

3 

4 

5 

F.H. 

1.39 

4. 1 

1.22 

XI.2 

1.47 = 18 sec. “ Hcsults O.K. 


1 The meaning of this factor will be explained later. 


attention, however, must be paid to the measurement of exactly the same spot in the 
three negatives. 

To illustrate the use of this information the portrait of a young woman will l)o 
chosen as subject. The densitometric measurements arc given in Tal)le II. Hero 
the transmission values of the No. 1 step in the three negatives are 5, 6.3, and 4.1 pm* 
cent, respectively. Taking the ratio of the magenta and yellow with respect to the 
blue-green, it is found that the magenta bromide should receive 0.8 and the yellow 
1.22 times the exposure of the blue-green. 

The correct exposure of the blue-green is found empirically, and it depends obvi¬ 
ously on the type of enlarger and on the intensity of its light source. It dcpon(l.s also 
on the aperture of the lens diaphragm and the degree of enlargement. 

With an enlarger having a diffused light source, a scale of magnification will Ixs 
found very valuable. 

A very valuable adjunct to the’darkroom is the Kodak enlargement exposure, 
calculator (correct only for enlargers having a diffused light source). 

With the above equipment it is solely necessary to determine once and for all tlm 
exposure necessary to produce the faintest silver deposit on the blue-green l)roinid<^, 
which corresponds to the maximum density of the red-filter negative. The informa¬ 
tion thus obtained can be jotted down and kept for future information. For instances: 

Red-filter negative maximum density, 1.3; transmission, 5 per cent; exposure, 12 .see., 
//8; magnification, 3X; Paper, Illingworth normal; development, I j -i min. in Ami<l()l. 

The printing time of another set of color-separation negatives of which f.lu^ nxl- 
filter negative has a maximum density of say 1.6 (transmission 2.52 p(u- c.ent,) c.a.n bts 

1 This calculator is based on the formula: 

K(m + 1)2 == JS? 

where is the resulting exposure, 

7/1 is the scale of magnification or reduction* 
fC is a conaant determined for m « 1. 
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obtained at once by taking the ratio of the standard reference transmission above 
(5 per cent) to 2.52. This gives 5/2.52 = 2 approximately. The blue-green bromide 
for this new set should therefore be exposed 12 X 2 = 24 sec., approximately, at//8 
and 3X magnification. Its correct exposure for different values of lens stop and 
different magnifications can be derived quickly from the enlargement exposure 
calculator.^ 

The saving of time and material and the uniformity of results which can be realized 
by a systematic procedure must not be underestimated. 

Carbro Solutions .—The carbro solutions for sensitizing the carbon tissues consist 
of a bleaching agent as potassium ferricyanide with potassium bromide as accelerator, 
and hardening agents as potassium dichromate with chromic acid for controlling the 
contrast. 

Alten\ative solutions consist of potassium ferricyanide, potassium bromide, and 
potassium dichromate as l)leaching and haixlening agents and glacial acetic acid and 
hydrochloric acid as controlling agents. 

Potassium (dirome alum or formaldeliyde are added in small quantities to the above 
sohitions for the purpose of producing a slight superficial tanning in order to preserve 
t he high lights. 


TypicaXj Stock Solutions 
(Typo I Solutions Using Chromic Acid) 
Stock Solution A 


PotaHBium ferricyanide. 

PotaHHiurn hroinidc.. . 



. 1 oz . 

50 

50 

500 cc. 

IS oc. 

4 p:. 

10 K. 

450 cc. 

. 1 part 

Water (diHtilleil) to. 

Potaasiiiin dichromute (c.i).)-- 

CUiroinic a<ad. 

CMiroine alum. 

Water (distilled) to. 

Sfock Holiitiun aA . 

Stock Solotion B 

W O ttK IN <1 B ATH 1 

. 10 oz. 

. ISO Kr. 

. 40 Kr. 

. 100 p;r. 

. 10 oz. 

VV 311 (^r . ,. 




. 4 pa-rtH 


WoitKXNU 

Ba'i'h 2 



Stock li . 




. 1 part 

Wu(.or. 




. 4 parts 


Ma.<ih color l.is.su(^ is immersf'd in working hat h 1 for 3 min., drained for 10 or 15 sec. 
or Hqu(^cgc(*(l gently I'ac^e down on a clcnn picxai of plate glass to remove th<^ surplus 
of bleaching solution, and t luai iimiKU'scid in working bath 2 for a time which might 
vary from 15 to -10 s«m'. (U^jxuuling ot> the type of bromide jiapca’ us(m1 and on the degree 
of contrast. <l('sired. 

Aft,(T nunoval from ha.f h 2, (au^h tissm^ is s(iu<Mg(a'(l on its a.pproi)ria.t.e bromide and 
h'ft. i?i (ionta.ct. with it. for 10 or 15 min. 

The i)r(H';aut.i<)ns to 1x5 follovvaal in s<aisilizing a.n(l t.h(' imdluxl of sciiux'gcxung, (do., 
will be consid('r(!d la.(<*r. 

With Typ(! II solulions also each (rolor tissue is imnxu-.scxl in working ha,th 1 for 
3 inin., draimxl for 10 or 15s(‘c., and then imtnerscxl in woi-king bath 2 fora, lime wliicdi 
iniglil. vary from 15 to 10 s('c. dejaaiding on the (ype of hromich^ a,ml (h'grcx'i of (■ont.ra.st 
nxiuinxl. 

It has b(M)n of(.(ai recoinnn'iided, parlhnila.rly with tissues whicdi ha,(l too grea,t a 
t(aukuiey to frill, to nxluei' I he (iim^ of immersion in (he^ No. 1 hath down to 2 min., 

■ A phot.()('l<Ma.rL(! oxpoHiiri' itu-f.cs' wit.h a full seali^ H(‘n.sil,ivit.y of 7..'> ft..-('an<lIeH tuin be obtained from 
(be General Kleel.ric ('.<>. oa Hixaaal order a,iid a,l. a |iric.(> nlip:li(,ly IukIum- (.Iniii tlio Hta,ndard model. The 
nhupe and HtaiHitivit.y of (.liin in(‘t<'r ar»' .sixdi a.s (.o permil. any Uiiid of in(‘a.suremeii (.h of (b(^ liKld, from 
cnlaiKerH. Its iixlieat.ion.-H are. (jf (ioiiiho, e<iuully eonxa-t wit.h dilTn.'Hed- and oorulenHcr-type lip:tit. Mourcea. 
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particularly during hot weather. Too short immersion, however, prevents even 
absorption of chemicals throughout the full depth of the gelatin layer, and this ordi¬ 
narily results in large irregular color patches particularly noticeable in the blue-green 
image. These irregularities are readily avoided by treating the tissues in the first bath 
for a full 3-min. period. 

Type II Solutions (Using Acetic and Hydrochloric Acid) 


Potassium dichromate . 

Stock Solution 

A 

. 1 055. 

28 K. 
28 K. 

Potassium ferricyanide. 




Potassium bromide. 



. 1 055. 

28 K. 

Water (distilled) to. 

Stock Solution 

B 


566 cc. 

Glacial acetic acid. 



. . 1 055. 

85 CO. 

Hydrochloric acid (c.p.) .... 



.. 1 OZ. 

cc. 

Formaldehyde . 




770 cc. 

Water (distilled) . 

Working Bath 

1 

. 1>2 OZ. 

50 cc. 

Stock solution A . 




1 part 

Water. 

Working Bath 

2 


3 parts 

Stock solution B . 


. , .. 


, 1 part 

Water . 


. 


. 32 parts 


While it is comparatively simple to carry through small carbro prints liy tlui two- 
solution method, it becomes decidedly awkward when prints larger than 8 bj'’ 10 in. 
are to be handled. 

Since the single-bath method in which the controlling chemicals are mixed with 
the bleaching and hardening agents has all the conceivable advantages with adequate 
control, it will be described in detail. 

The manner of handling carbon tissues applies naturally to ho(,h iiuithods. 


Carbro Solutions for Single-bath 

Type I Solutions (Autotype) 
Stock Solution A 

Potaasiiim bromide. 

Potassium ferricyanide. 

Potassium dichromate. 

Water (distilled) to. 

Stock Solution B 

Chromic acid. 

Chrome alum. 

Water (distilled) to. 

WoKKiNG Bath 

Stock solution A .. 

Stock solution B . 

Water. 

Type II Solutions 
Stock Solution A 

Potassium bromide. 

Potassium ferricyanide. 

Potassium dichromate. 

Watei* (distilled) to.. . . . 

Stock Solution B 

Glacial acetic acid. 

Hydrochloric acid (c.p.). 

Kormaldehyde (40 per cent). 

Water. 


Method 


1 OZ . 

28 K. 

1 055. 

28 K. 

1 OZ. 

28 K. 

. 20 OZ. 

566 cc. 

150 gr. 

6.7k. 

300 gr. 

10.4 K. 

20 OZ. 

56() cc 


1 part 
1 part 



. 3 parts 

1 OZ. 

28 K. 

1 OZ. 

28 K. 

OZ. 

14 K. 

20 OZ. 

500) cc. 

1 drain 

3.5 cc. 

1 dram 

3.5 <rc. 

10 drams 

35 cc. 

12 drams 

4 2 c(n 


For convenience of accurate measurement the stock solution B could he made up in 
one-third the normal strength or 
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Stock SoijUtxon BB 


Stock solution B . 1 part 

Water (distilled). 2 parts 

Working Bath 

Water. 20>2 oz. 

Stock solution A . 3 oz. 

Stock solution BB . 11 dram 


The above Type II single-bat.h fornuila and the compounding of the working bath 
have been highly recommended in the past by outstanding color workers. With this 
proportion of chemicals, however, the deep shadows of the image in the bromide do not 
completely bleach out, and there is danger of losing proportionality. On the basis of 
very careful investigations it has been found desirable to increase the amount of 
bhiaching chemicals in the working bath. 

Tlie following is a very depeiidable working bath: 

Working Solution Ml 


Water. 19^ oz. 

Stock solution .. 4 oz. 

Stock solution BB . 11J4 dram 


With the single-bath method, irrespective of the type of solution adopted, each 
tissue should be immersed in water for 3 min., drained for 15 or 20 sec., and then 
immersed in the carbro solution for about 45 sec.; after this it is squeegeed onto the 
appropriate bromide without draining and left in contact for 10 or 15 min. 

The single-bath method with the Type II solution is to be prefen*ed over any othef 
because, although not as critical as the double-bath method, it offers nevertheless ah 
appreciable amount of control, by increasing or decreasing the length of time of 
immersion in the carliro bath. The preliminary water bath for 3 min. must not bo 
reduced, otherwise irregularitii'.s might result. 

It is important also to notci t hat tlve contrast increases with successive tissues owing 
to the fjud. that the (ionsumption of ac.id is griiater tlian that of bleaclung chemicals. 

This (dTciCt could be made use of by trciating th(! tissues in the sequence: magenta, 
yellow, a.nd bhie-gnam bi^cmi.se, n,s it will be seen shortly, the magenta tissue should bo 
the least <‘.ont,rasty of all. 

Greater flexilhlity of c.ontrol, however, can be liest obtained by mixing up the 
carbro solution in suflieii'ntly larger quantity, dividing it in thr<^e parts and using one 
part for (*ach t issue. 

A convenient a.mount, for an 1 I- by 14-in. set, wouhl be (Typ<' II) 


WOHKIN<l Hoi^ution M2 

W ator. 

Stock Holution A ... 

Htock Holution BB . 


59 oz. 
12 oz, 
4H oz. 


For use: (aki^ a.i)[)roxima,t,ely 2.5 
the qua.nt.ity of solut ion should b<! 


oz. .for ('a.<4i t issue!. f'or la,rg(!r or smnlhu- tissues 
iroport iomil t,() thc! ra,tio of tins t issue area as (tom- 


pariul wit h the 11- by bl-in. set,. 

Since t he anai, of an 11- by I4-in. t i.s.sue is 154 scj. in., a,n 8- by lO-in. tissiu^ measur¬ 
ing 80 sq. in. would nMpiin^ jh l/SO = 1.03 l(‘ss .solut ion or 25/1.93 = 13 oz.; hence a 
total quant,ity of 39 oz. of working bath should l)e nuuhi up if dealing with an 8- by 


lO-in. set. 

If t,h(^ abovt^ qiumt ity i.s (a)n.sider(‘d t,o<) la.rg(i tor 11- by 14-in. t issue's, a, t,ol,al a,inount 
of 45 oz. of working ba,t,h (am b<( maih* uf) using 15 oz. for ('n,(4i tissm*. 

It must b(! jiointed out,, howeveu-, tha,t a snudh'r (pmntity of solution for a given 
an^a inc:r<^aH(is tlui eontrast, and l,li(u-<4*ore t,h(( stock sohition fifi nuist Ix' slightly 


memuseit. 
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For a 45-6Z. total solution a suitable compounding would be 

34 oz, 

7 oz. 

3H oz. 

Use 15 oz. for each tissue. 

It is not advisable to decrease the quantity of solution below 15 oz. for eacli tissue. 

It is a well-known fact that the color contrast of a blue pigment (spectral i-eflecting 
power) is much less than that of a magenta and yellow pigment. 

This difficulty is greatly accentuated when copying a color print. The Eastman 
Kodak Co. has lately advocated an automatic masking method in making paper 
prints from original Kodachrome slides. But even when working from color-sepa¬ 
ration negatives made directly from the original subject a vast improvement in 
general color balance can be secured by chemically reducing the contrast of the 
magenta and yellow tissues with respect to the blue. This procedure, however, 
necessitates considerable increase in the exposure of the bromides for the magenta 
and yellow tissues and a subsequently longer immersion in the carbro solution. 

It is necessary to emphasize strongly at this time that the color contrast of the 
tissues and the exposure of the bi'omides, although related to one another, are two 
entirely different things. For instance if the three tissues are processed in strictly 
identical manner and the bromides are so exposed as to give correct balance in the high 
lights, then the shadows will tend toward orange. If now the contrast of the magenta 
and yellow tissue is decreased to match the contrast of the blue without any change in 
the exposure of the magenta and yellow bromide, the result will be a preponderaiuio 
of blue both in the high lights and in the shadows. , 

With a correct set of negatives developed to gamma of unity and printed on an 
Illingworth de luxe bromide paper, normal grade, and developed in Amidol, correct 
color contrast will be obtained by sensitizing the blue tissue for 45 sec., the magenta for 
min., and the yellow for 1,14 min. in the Type II single-l>ath rnethocl just described. 
This applies equally well to M2 and M3 formulas. 

With the above treatment of the tissues it will bo necessary to expose the bromidti 
for the magenta tissue 1.6 times and the bromide for the yellow tissue 1.2 times tlu? 
exposure of the bromide for the blue tissue. 

A slight variation in this factor might be found necessary with different stoe.ks of 
tissue. The above figures, however, will bo found sufhciently ac.curato to sta.rt with. 

This is the factor appearing in column 5 of Tai)le II. 

As the carbon tissues arc removed from the carbro solution, th(iy must l)o brought 
into intimate contact with the corresponding l)romide. It is necessary that eatdi 
soaked bromide be held in readiness by placing it face up on a piece of plate glass and 
covered with an even pool of watcu-. At the expiration of the time of sensit izing, tln^ 
tissue is withdrawn and, without draining, Irrovight down face to face on the liromi<h‘. 
The thin pool of water prevents intimate contact and allows time for scpHH"g<‘('ing. 
The tissue and bromide are held togtdlier by steady pressure with the hd’t-hand fing(u*H 
along the safe edge at the extreme left, and a flat rubbem squeegee lield with the right 
hand moved across the sandwich from left to right with a steady, gentle, but (juil(^ firm 
stroke. The next stroke of the squeegee is taken in the opposite direction by holding 
it with the left hand and holding down the tissue and bromide with the fingers of tln^ 
right hand along the safe edge at the extreme right. 

Four strokes of the squeegee, two in each direction, will be found ample. 

It is extremely important to avoid any movement of the tissue when once; in (Con¬ 
tact with the bromide as the chemical action begins at once and any movement wouhl 
0ve rise to a double image and spoil the results. 


{ Water. 

Stock solution A ., 
Stock solution BB, 
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The three tissues are handled in succession in a similar manner. 

The actual operation of squeegeeing the tissues on the appropriate bromides is very- 
critical and the chances of spoiling the results are altogether too many. Although the 
correct technique can be satisfactorily mastered, the serious color worker is a,dvised 
to resort to the use of an automatic mechanical squeegee -which can be readily put 
together without any difficulty. 

Figure 22 represents a schematic plan of the automatic squeegeer which consists of 
a usual photowringer mounted horizontally under a table top with the top cut out and 
beveled as shown. The two rollers should be geared to prevent slipping. 

An apron made from two pieces of matte celluloid (0.010 in. thick) and hinged 
together with a strip of Kodatape will be found indispensable. Three aprons should 
be provided, one for each tissue. 

The various operations loading up to a carbro print are listed as follows in a sys¬ 
tematic manner: 

1 . Negatives are measured and printing exposure decided upon. A tesl. exposure 
for Ihe l)hie-green liromide (red-filter negative) can be made if tlesired. Inlorination 
thus obtained should be entered in the notebook: Exposure, lens stop, magnifhuition, 
type of bromide paper, developer, and time of development. 

Pend/ outline Pend/ ouf/ine 

for correct position for correct- podt'ion 

of tissue, of bromic/e 

/ / 

/ / 



Fi(J. 22..-Wringer for plucinja; l>r()nii(le and curliro (issue in coritncd.. 


2. Hroinich'S ar(‘ (‘xposc'd and (l(‘\n*lo[)<Hl in succtission (large (jua.n(.i(»y ol <lev(doi)er 
to a.v<)i(l irr('gulariti('S or a, frc'sh niodca-ate <iuantity of dc^vcdoixn- i)r(*pnr<Hl in a.dvaiuu^ 
ft)!' (aicli broniidi', making sure that the teniperature remains sullicitjutly constjuil ). 
Tlu^ bromide p!i|)<!r rec^omnuaided is tlu' Illiiigwortli d(. lu.xts broiiude, normal gia.de, 
s[)ccial for carbro, with grain cvd. in (he saint' diretdion. 1 )erender Velour Bla.ck C 
(double weight) or N (singU' weight.) spccijvl for (airliro are also Siil isl.a.ctory. 

TIk' develoiier recommended is Anddol ('oinpouiided as follows: 


Watd'r. 

Sodium Hulphilc^ (<lry). 

A Tuidol... • 

I^otnHHiurn liromidc' ( H) pui' u<uit.) 


1000 cc 

2 r> K. 
r> g. 

■1 (‘p. 


Dtwclop for I'.j to 2 min. I.einperat.ure 

3. Fixing of bromides sliouhl be doin' in |)la.in hypo ioi- alxnit. 15 min. (wat.e-i, 
52 oz.; hypo crystids, •! oz.). A st.o|> liiitli or a.n a.('id in the hypo shoidd be a.voide<l, 
as it wdl a,ITect. Mh' act ioa of t lie ('arbro solut ions uiih'ss the washing ojienit.ion is earrietl 
out for a vt'ry lo'ig time. 

4. The bromides sliould be washed in running wa.t.<'r for 15 to 20 mm. A largt' 
tray and a. siphon will hi' found vt'ry convenient for tlu' [iiirpose. (The Eastninu 
Automatic Tniy Hyphon is a, gootl iypitail exjunplc.) 
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5. While the bromides are washing, the celluloid temporary supports must be pre¬ 
pared by treating the surface with waxing solution. A suitable waxing solution can bo 
made up by taking 1 g. of Autotype trichrome waxing compound, breaking it up in 
very small pieces and letting it dissolve in 500 cc. of benzine (cleaner’s benzine) or 
in 500 cc. of benzol. One gram of pure beeswax dissolved in 500 cc. of benzine or 
benzol will be foxmd equally satisfactory. Benzol is to be preferred in any 
case. This waxing solution must be prepared well in advance as the wax 
dissolves very slowly. A small tuft of cotton is soaked with the waxing solution 
and used to go over the entire surface of each celluloid. The evaporation of the solvent 
will take place very quickly particularly if benzol is used. As soon as dry, the cellu¬ 
loids will be immersed in a water bath containing a small amount of chrome alum; a 
teaspoonful of chrome alum in 2 gal. of water is satisfactory. When immersed, the 
celluloid should be given a lateral shaking and left to settle on the bottom of the 
tray until ready to be used. It is generally agreed that the most convenient thickness 
for the celluloids is 0.020 in. Thinner celluloids are difficult to handle and thicker 
ones resist too much the bending force of the transfer paper during the drying stage. 
Furthermore, the celluloids should be matte on one side, and this is the surface to be 
waxed and used to carry the colored image. It will be found that the colored image 
on a matte celluloid surface is more resistant to abrasions which readily occur when 
superimposing the celluloids with the dried colored images in order to judge the color 
balance. 

The weak chrome-alum bath for the celUdoids is very desirable. By means of it 
the waxed surface of the celluloid becomes completely w'ot, and this condition is 
necessary to produce intimate contact between the tissue and the wnixed surface, 
thus permitting complete avoidance of air bells and any tendency to frill during hot- 
water development. 

6 . To avoid any deleterious effect from wash water, the bromides should be placed 
at the completion of wash, in a tray containing 1000 cc. of water and 4 cc;. of glacial 
acetic acid. The tray should be rocked and moved about to insure uniform a(;tion 
for 4 min. The three bromides can bo treated in this acid bath all together. At the 
expiration of 4 rnin. the bromides are washed again in running water for another 
4 min., after which, pendiTig the preparation of the tissues, they ar(! plac(Hl in a t ray 
containing a small quantity of water. 

7. The carbi’o solution is prespared as outlined above, divided in three parts sind 
each amount located conveniently at hand. The two trays for the prediminary wattu* 
bath and for the carbro solution are placed next to each other. It is a,ssumed that 
the three tissues are already cut to size with the grain in the same tlir(H;ti<)n. Since; 
the bi'omides have a white safe margin, the tissues can be of the same outside dinum- 
sions as the bromides. 

8 . The first cellidoid apron is inserted in the automatic squeegee, as indi(;atc;d in 
Fig. 22, and opened up. A few drops of water should be sprinkh'd on its surfa.c('. 
This water is necessary to doci’case the adhesion of both the bromides a.ml tlu; tissues 
with the celluloid apron, otherwise creases might result while passing through th<; 
squetigee. This is not nec(;ssary for double-weight bromide paper (Dtd’ende r C) but. is 
absolutely necessary for single-weight bromide paper and for the tissu<;. 

9. A stop watch or a timing clock hung in a visible place is started, and tlu; follow- 
ing operations are carried out in accordance with the time schedule as imlic.at('d Ixdow ; 

Time Schedule for Carbro Process 

0 Blue tissue is placed in the tray of water, face up, and forced under. 

Tissue turned face down in water and forced under, holding it down with left hand ; each 

corner of tissue can be folded slightly back to help uncurling. 

0 
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X luin. 

2 mill. 15 sec, 

2 min, 55 sec. 

3 min. H) nee. 
3 min. 15 sec. 

3 min. 52 sec. 

4 min. 


(\ min. 


Tissue is turned face up again and forced under water by rocking the tray. The tissue, 
being now quite limp, will remain under water with gentle rocking. 

The blue bromide is now removed, without draining, from water in which it was placed 
after the final wash, is placed on the apron in coincidence with the pencil outline, as 
indicated on Fig. 22, and is left in this condition. 

The blue tissue is now removed from water and held in a vertical position to permit 
draining for 15 sec. 

Blue tissue is placed, face up, on bottom of adjacent tray. 

First part of carbro solution poured onto it and tray quickly rocked to insure even 
flowing of solution over entire surface of tissue. The tray is kept rocking to insure that 
tissue is always covered with solution. 

The tissue is removed from the carbro solution and, without draining, placed on the 
apron at the opposite side of the bromide and in coincidence of the pencil lines, as 
indicated also on Fig. 22. 

TissiK* and bromide are rolled into contact through the squeegee and the apron with the 
sandwich inside removed from the chute at the lower side of the automatic squeegee, 

^liu^ apron is gently lifted to avoid separating the bromide from the tissue; the sandwich 
is comF)letely peeled off the apron and placed on a clean blotter; and the surface 
moisture is gently blotted off with another clean blotter, after which the bromide and 
its adlierent tissue are placed away, preferably on a clean blotter, until ready to be 
stripi)(ul apart. 

The used apron is now wip(ul off with a clean rag and hung up to dry in a convenient 
cormu*. I'lic second dry apron is inserted in the axitomatic squeegee, opened, and a 
f(^w drops of water sprinkled onto it in the same manner as was done for the first apron. 

Th<* (uirbro tray is next emptied in preparation for the second quantity of fresh solution. 

'rh(«! red tissue is now placed in the tray of water face up and handled in the same manner 


(> min. 30 sec, 

7 mill. 

8 min. 15 s(*<\ 

8 iniu. 55 h<‘<!. 
i) min. 10 

\) tnin. 15 h<h*. 

10 mill. 37 
10 min. 45 sc(v 


12 min. 

12 min. 30 h<*c. 

13 min. 

11 min, 15 s<'C. 

14 min. 55 h(*c. 
1 min. 10 sec. 
ir> min, 15 s('c. 
10 min. 22 h<'C. 
10 min. 30 sec. 


IH min. 


as the 1)1 lie tissue. 

U(hI tissue turned face down in water and corners gently bent liack to help flattening, 
lied tissue turiKnl face up and kept under water by rocking tray. 

R(h 1 l>romide phiciHl on the celluloid apron. 

Kt*d tisHiK^ lift.<^d out of water and drained for 15 min. 

Ii(Ml tissiu^ placed face up cm bottom of tray. 

S<‘c(>u<i portion of carbro solution poured over red tissue and tray rocked quickly and 
c.ontiuuously to insure even flow of carbro solution over the full area of tissue. 

R(^d tisHiH* r<nuov(Mi from solution and without draining i)lace(l on apron, 
lied tissue rolled into contact with bromide. 

Sandwich is rmnovcnl from within tlie ar)ron surfac.e, moisture blotted olT and placed 
away to allow c.liemi<^al action. 

Apron wiped olT and put away. Third apron plac.ed in th(‘ automatic Hcpieegee and 
HprinkhMl with water. 

St'cond part of us(h 1 carliro solution thrown away. 

V(4low tissue is imimu'stul in water Viath face* up ami forced under water. 

Vx'Ilow tissiu* t uriuMl fac^i' down and again treatcMl in sanu' way as r)r<wiouH tissues. 

'ri.MsiH’ turned iq) in wat.er ami kept immersed i>y rocking tray. 

V<'Uow hromid(‘ placed on e.cdluloid ar>ron. 

\'eIlow tisHiu^ r(mi()v<Ml from water and drained for 15 s<'c. 

V(41()W tissm^ r>la(asi fa(^e up on bottom of tray. 

'I'hird part of earbro solution t>oure<l onto ytdlow tissm^ and tray rocked. 

V<41ow tissue i.s remov(‘d from sohftion and, without draining, i)la<aai on apron, 

\b4U>w t,isHU<* and bromi<le are poIUmI into contact in automat.ic H<|ue(^g(M). d'hc sand- 
wieh is rcmov(‘d from within th<‘ apron, surplus moisture hIotte<l olT ami r)ut away, 
'riu' uh(m1-up (^arbro solution is now thrown away ami a pln.t.<^ of glass prepared for 
H<iu<‘('g(M4ng th(' tissues on tlu^ e(41nloids. This opxu’ation is best done by placing the 
glass on a wood rack in the sink, A very coiivimiimt arra.ng<Mnent is, to place the 
gla.MH plate on two small wmod hlociks within a larger t ray for the purpos(‘ of colleeting 
tlu' wat<‘r tJirown off <luring th<‘ H<m<H'g(M4ng oix'l at.ion. 

A pi(‘ee of ct4lub»i<l hmiporary HUpr>ort is r(unov<‘<l from tlu^ <lilute alum hath and rinsed, 
surplus ruoistm’(* from its hack removixl liy sliding it on a pi<H-,(' of blotter and 
pbunng on top of tla^ prepanxi glass with th<^ waxfxl surfact* (which is now <',omr)Ietely 
wet) fa<*<* up. If too much moisture is left on t.ln^ hack (/f tlu' ta'lluloid, it will not 
adluu'f^ Hutliei(‘ntly to Ihi^ glass surface, and it will slide during tin* s(pi(o^g<‘eing op<u’a- 
tion. 31)(‘ hlu(' tisHiH' is stripixxl l)y a steady pull from its bromid<\ pim.sxxi hme down 
in col(hwat(n- l)a,t)i. and. without draining, phuaxi fa,C(‘ down on the (adluhnd sui)port. 
A piece of thin Kodaloixl (0.005 in. thick) is now laid on the tissue to pnwent it b(*ing 
damaged with the flat wpicegee and the whoh^ thing firmly M<pH‘ege(‘d hack and forth 
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with firm hand to expel the moisture from between the tissue and the celluloid. Eight 
or ten strolies will be sufficient and the celluloid support with its adherent tissue 
placed under moderate pressure (four pieces of plate glass) between blotting i)aper 
until the next celluloid and tissue are ready to take its place. 

The next celluloid support is removed from the alum bath, handled in the same manner 
as the first one, and placed on the piece of plate glass. The red tissue is now stripped 
from its bromide, dipped in water, squeegeed and placed under pressure with its 
celluloid in place of the blue sandwich, which is now laid out in the open, after care¬ 
fully wiping off any trace of moisture along the edge of the tissue. 

The third celluloid and yellow tissues are handled in the same manner as the two pre¬ 
vious ones. Hot-water bath at about lOS^'F. is now prepared. 

The third celluloid with its yellow tissue is removed from under pressure and laid out in, 
the open. 

The blue tissue on its celluloid support is now placed in the hot-water bath and after 
about lyi min. the paper backing is stiupped ofi by pulling gently from two opposite 
corners. 

The blue image is now fully developed by lateral shaking of the celluloid under water. 
This operation will take about 2 min. to fully develop (a condition which can be 

readily judged). ^ 

The celluloid with its blue image is passed in cold water and rinsed until no apprecuable 
amount of blue color runs off, after which it is hung up to dry. 

The red image is now developed in hot water, rinsed in cold water, and hnng up to dry. 
The yellow image is finally developed in hot water, rinsed in cold wat.er, and 
put to dry. 

The three colored images, when dry, are to be assembled together in corrt'ct register 
upon a final paper support. This assembling operation can be carried out in two 
ways: by single- and by double-transfer method. 

Single Transfer. —Decision, as to which method is to be followed niusl, he made 
before printing the bromides because with the single-transfer metliod t lu^ bromides 
must be printed from reversed negatives, otherwise the final image will bitenilly 
reversed with respect to the original subject. 

With the single-transfer method the yellow image must bo ti’ansferi'C'd first i.o t he 
final paper, then follows the magenta, and finally the blue-green iniage vippcn-most. 

For final support a fixed-out bromide paper or the regular transfcn- i)ii.p(n- whieli is 
available commercially could be used. 

The final paper should be soaked in cold water for at least >•> hr., and, wIkmi n^ady 
to make the first transfer, the celluloid carrying the yellow imagf^ shoubl Ix^ also 
immersed in the cold water for a few minutes and the two lifted out toget her, a.voi<ling 
air bells between them. A moderate squeegeeing with the flat scpieegee is (lesiral)l(\ 
after which the sandwich can be hung up to dry. When completely dry, (,lui (udluloid 
will automatically detach itself leaving the yellow imago on the final i)a,i>e:r. A slight 
amount of wax always transfers with the image, and it must b(^ (tarefully r(>move<l 
before proceeding with the next transfer. This is best done by going oven- thee yellow 
image with a tuft of cotton dipped in rectifmd spirit of turpceiitinee. Tlue t.urpeentiiu! is 
allowed to remain for a minute or so. Another tuft of cotton is now soakeal ii» Ixniziinee 
and applied gently to the yellow image, after which the beenziine anel t iirpe'ntine; 
together are cleaned off with a piece of dry cheesecloth. The cleaning of 1 he: i)rinl. by 
means of benzine should be rcipeated three or four times and cacih time eleant'd off wit h 
cheesecloth. Finally the surface of the print should be gone over witii a larger pita*(^ 
of clean cotton flannel. 

The final support with its yellow imago should now be placed again in (rold wat.<'r 
or better still in a tray containing a weak solution of gelatin (1 oz. of Nelson’s g(!latin 
No. 1 dissolved in 32 oz. of water). The gelatin, solution is highly (hisirabh;: to p<^rini(, 
intimate adhesions between the yellow image and the magenta image whi<-.h has to 
follow. The celluloid bearing the magenta image is also placed in cold wat('r and 
finally passed into the gelatin solution and placed in approximate registration with tins 
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30 min. 
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42 min. 
48 min. 
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yellow image. The two are withdrawn together and laid on a sheet of plate glass 
with the paper support uppermost. The flat squeegee can be applied gently to the 
sandwich to remove the excess of gelatin solution, after which, the sandwich can be 
reversed right side up and a final registration carried out by gently sliding the celluloid. 
When a satisfactory registration is accoinjdished, the sandwich can be hung up to dry. 
Occasionally it may be necessary to bend the celluloid to secure accurate registration, 
particularly after the paper suppoi't with the yellow image has been soaked too long 
in the water. This, however, should not be necessary if the soaking of the paper 
support is not carried out beyond 13 -^ min. 

Instead of a flat squeegee the surplus gelatin solution can be forced out by applying 
a dry cloth over the back of the paper support. When dry and the celluloid is 
detached leaving the red and yellow images together, the iniage surface is again 
cleaned free of wax in the same manner as before and the blue-green iniage transfer 
carried out in exactly the same manner. 

Double Transfer .—The double-transfer metliod has many points of advantage, 
and it is highly recoinmoiided in preference to the single-transfer method. It is very 
difficult to register the red to the yellow image, particularly if the transfer has to he 
carried out with incandescent light, for the yellow image is almost invisible with 
artificial light. With the douVilo-transfer method, however, the blue-green image is 
first transferred to a temporary support which consists of soluble gelatin on a thin 
paper base. With a soluble temporary support it is not necessary to use the gelatin 
solution as recommended foi’ the single-transfer method. The removal of the wax 
after each transfer should he carried out in the same way as previously described. 
The sequence of tramsfer with the double-transfer method is iolue-green image first, 
then the magenta image, and finally the yellow image on top. It will bo found very 
easy to register the yellow iimige by this method. The wax iniust be again removed 
from the ytillow surfa<‘e a/ftcr 1 lie three transfers are complete. 

The tcimporary solnhle support witli the eoinplete ciolor imago is now placed again 
in cold water and lirought into contact with tluj final papiu- support whicdi could bo 
also a fixed-out bromide {>ap(!r or r<!gular single-transfer pap<ir available commercially. 
Tfie two are sipiec'gcHHl togfvtlier with a flat s<iue<!goe and plaixul under pressure 
lietween blotting papers for 15 or 20 min. Thti sandwieh is finally plactnl into hot 
water at 10()‘’h''., and after I or 2 min. tim paper backing of t he t<!inporary soluble sup¬ 
port can he nuidily st ripped, leaving the (^ompltd.c^ image on the liiial support. The 
soluhle gi'lniin kift by tiu' tcmiporary siqiport can be gently washed off, and the (‘.oni- 
j)l(d4! piei.ure is {uit away to dry, 

by the (louhle-transi’{‘r nuh liod it is pf)s.sil)le to trim the |,emp()ra.ry support, with 
tlio color image on it, down to tiie exn.e.l. sijse of (iio la.t(.('r, hut if this pnxaidure is 
I'ollow'cd it. is noiWHsnry to allow thc! soluble supj)orl t.o remain in conlaid. with tlu; final 
paper until eonipletciy dry. When Ibis isdomu t he si ripping of tlx' papiu- supjxirt in 
hot. \va,ter should b(i lonuaulcd by a lta.(li in cold \va.l.(U' for 10 or 15 min. UnhvsH this 
firi'eanl ion of drying t he sauidwieh first, is ta.keu, t lxu'c is a, (L'uig«u’ of ilu' iina.g(i frilling 
and txHMuning ihiina.ged Ixa-ause of la,ck of t he safe, margin vvhieli was r<mu>V(Hl by l.hc*- 
I,rimming opiu'al ion. 

Wit.h the (!<)ul>l('-l I'a.n.sl’i'f met.hod (ho hromiihus nmsl. he printed right side up. 

(Umcltidinij licnuirkst. In carrying out. a. ca,rhn) pnxu'ss gnuit (uire must be 
('xerci.sed t.o a,void (umt a in inat ion with the usual (hn'kroom chcnn(%a.ls. .Developing 
ehonii<!als liave a. tmulency to hicacli tlu' blue |.i.ssii<>, and t.lno'cfore if small (urmilar 
whit.e spots oeiair in a. hlm.i tissin^, tliese (inn invariably 1 xi asiM’ilxxl to t.taums of diwel- 
oper. Thesis spots oi’dinarily disa[>p<'a.r in n, H[)a.n of 2*1 iir. d''h<ur cli.sa.ppfai.ramx^ 
however, c.a,n hi' exjxidited liy t reat ing gently the finishei 1 color piel.ure, locally, with a 
weak solution of hydnx-hlorii' or a.c(,'ti<* a.cid, 
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There is no satisfactory way of reducing the strength of the Iduc imago of a carbro 
print. The magenta, however, can be reduced by treating the full print in a weak 
solution of potassium permanganate rendered slightly acid with a trace of hydro¬ 
chloric acid or sulphuric acid. When sufficiently reduced, the action can b(! stopped 
at once by immersion in a weak solution of sodium bisulphite followed by a sliglit wash. 

The yellow image can be reduced by treating the complete image in a weak solution 
of plain hypo, again followed by careful washing. 

It is not recommended, however, to resort to such chemical reduction of the 
magenta and yellow images because the over-all contrast is invariably disturbed. 
These reducing agents have an even effect throughout the image and there;fore ea,n Im 
classified among the so-called “cutting” reducers, the sole purpose of which is to 
increase the contrast. 

Small traces of bichromate always remain in suspension in the colorcul images arul 
a partial insolubilization of the soluble temporary support might take phu^e if tlu^ 
transfers are carried out in strong daylight or sunlight. Insolubilization might also 
occur if the last transfer onto the final support is delayed too long (over 30 lir.). A 
safe rule is therefore to avoid too strong daylight and sunlight and to t;ai’ry tlirough 
the various transfers within a span of a few hours. 

When properly carried out the carbro process permits results of groat beauty ami 
naturalness not readily achieved by other processes. 

The room temperature for the carbro process is not critical. A (lomforl ablo value 
of 65 to 70®F. will be found to be best. 

CastmaxL Wash-off Relief.—The Eastman wash-off relief metho<l repres(uitH a 
typical imbibition process. 

Outline .—Prints in natural color can be made bj^' transfer of wattir-solublo dyt^s by 
means of images produced in relief on celluloid film. Tins process is bascnl on tiui 
property of the silver, forming the photographic image, to render tlui surroumliug 
gelatin insoluble "when the development is carried out in a tanning devedoptu' or l)y a 
subsequent treatment of the image with suitable bleaching chemicals. The Ea.stina!ii 
wash-off relief is typical among the processes of this type. The posi( iv<^ prints from 
corresponding color-separation negatives are made on a special film carrying a silver 
emulsion made with highly soluble gelatin. The exposure of the film must. Ixs made 
through the celluloid base. The development of the posit ive film is c.a,rri<Hl out in a, 
normal positive developer, after which the films can be given a brief wash a,nd i)a.ss<‘<l 
to the bleaching bath without intermediate fixing. 

Exposure and Developrnent of the Positives .—The wash-off relief filitis ura julnt ('d by 
contact or projectioii from the appropriate color-separation negative's. Th(i exj)t)aur<\s 
should be such as to give a faint silver deposit in the highest lights of t In’! sul>j(H-t. 

The wash-off relief positives may be developed in Eastman developtu* DK-hO for 
about 5 min. at 70°F. Developers DK-11 and D-76 may also be uscid. Th(‘ thixm; 
films can be developed simultaneously in a tank suspended in the usual film-devidoping 
hangers. Development can be also cai-ried out in trays, treating such film Iu<livi<l- 
ually in a fresh quantity of developer with uniform i-ocking. 

The operations of washing, bleaching, and developing of the reliefs in hot vvat.i'r 
could be made to follow the development without the intermediate fixing. This 
requires, however, that these various operations be carried tlirough in y('ll()w light. 
It might be preferable, however, to rinse briefly the wash-off relief films aft(;r the; 
development and then place them to fix in the nonhardening fixing-batli formula. F-24. 
Following this they can be washed for 5 min. in running water. 

Bleaching .—The bleaching of the silver image of the film is carricul through in a 
bleaching solution (R-lOa) diluted as indicated. The three films (;an lx; placed all 
together in a tank if suspended in the usual hangers. 
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If trays are used, however, each film must be placed separately in a fresh bleaching 
solution. The quantity of working bleach solution recommended is 8 oz. for an 
8- by 10-in. tray. The three films must be evenly rocked during the bleaching opera¬ 
tion to avoid streaky effects. The bleaching solution should be discarded immediately 
after use. 

Hotr-water Development.— -The bleached films should now be placed in a tank of hot 
water at 110°T. and the hangers lifted out of the tank and replaced in it about every 
10 sec. This is to allow the melted emulsion to be drained away from the films. In 
carrying out this operation, the greatest possible attention must be paid to prevent 
the films from rubbing against each other as the relief image at this time is extremely 
delicate. It is advisal)le to change into a clean tank of hot water again at 110°F. 
after 1 min., continuing the agitation. After about 3 min., the film should be given 
another rise in clean hot water; it can then l>e passed again into the fixing-bath formula 
P-5. One minute in a fixing bath will be sufficient, after which the films can be put 
to wash for about 5 min. in cold running water. If the hot-water development of the 
films is carried out in trays, each filixi must be handled separately and the hot water 
changed two or throe tinu;s, l>ut in any case the hot water should never be poured over 
the film. Thr(!C of four changes of hot water for each tray will be sufficient, after which 
the films will l)c j)a.ssed into a fixing bath and washed. 

A faint trace of brown image remains in the relief film after treatment in a fixing 
bath. This (^an be (ioinplctely disregarded when the relief images are used to print 
by dye transfer on papen-. Wlien making transparencies, however, it might be further 
desirable! t(^ remove such a residual imago by treating in a permanganate reducer 
formula (R-2), followed by fixation in formula, F-5 and additional wash. 

It is a,(lvisa.ble io dry tlui relhd' images before^ staining in the appropriate dye baths. 

Treaimcnt in the Dye h^olutvms.—Thu tliree dy<^ solutions arc made up in accordance 
witli the instruction,s attached to each dy(i container, and in order to increase the 
k(a^ping fiualil ics of t,h(^ dy(^ it is a,dvisa.l)le to add 5 c.c,. of formalin*to each 500 cc. of 
dye solution. Mach dyc' has |)la.c<Ml in i(, a cerlain amount of 5 per cent acetic acid, 
the amount, controlling llu^ amount of dye ta,ken up by the ma,(.rix. Thus the color 
cent,fast ma,y bi' controlkal. TIu! amounts of a,cid a,r(^ of tin? order of 5 to 20 cc. 

It is al.so b<!st to filtcu' the dye; solution through rapid filtering paper 
before u.s<'. 

Ma,(!h rc'lief film is now put in its a,ppr(>pria,t<^ dyc! hath for about 30 nunutes at 
()S”F. a.nd lln^ tray <)cca.siona.lly rocked. Tlui dyed ndic^f films, when removed from 
the dy<^ ba,t hs, should be i‘ins('(l in two (fiiang<!S of * 2 per CHUit solution of ac.etic^ acid and 
distilled wa(<u'. After t his rinsing t.h<^ t.hnu' films e.a.ti he phuanl in a, tray containing 
12 per c<mt, of a.('!(!|ie a.ei<l until n^uly for l,lie dye tra,nsf(U'. 

At, this singe, the* thr(ui st.ained re:li(d’s (%'i.n l)t! superimposcul t,o judge t,he color ba,l- 
a,nc<v -this is Ix'st done: on tin* bottom of a whil.e poreela,in tra,y—-a,nd examined in 
strong while liglil, after which they <*an lx* ret,urn((d t,o t,h(^ tray (a)nta.ining t^ percent 
solid,ion of aiu'tie acid or dried, t,h(* |.ra.nsf(*r process t,a,king pla.(‘,(^ a,t a,nothcr time. 

I^repardtiou. of <1 'rnm.sfer Doper. Tim t,ra.nsfer of the dyes (uui he made on any 
ordinary ly[)(‘ of bromide* paper fi.\(*d in a. fr(*sh fixing bath (formula F-24) or the 
esp(*cially prejiared i)a,p<'r called imbibition ]>a.p('r. 

The paper must lx* first prepared by trealing it foi' 5 min. in a, morda,td,ing solution 
(formula M-1). d'his tr(‘a.l merit should lx* followed by a wash foi* 5 min. in running 
water and t hen by a I real in(*n t, also for .h min., in a lnil"f(*r .solution consisting of a 
5 p(*r emit solution of sodium a.c(*tate. I'’inally tlxr jiaper should be washed again 
for allot her a min. 

Scv<*ral f>-'>P<'i'M <"<■'> h<* ti*(*a,t (*d at t he .sa.me t inu* and put, away to dry for futun* use*. 
A transfer pajicr, which has been previously tr<*ated and (lri(*d, should be givmi a 
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preliminary soaking in plain water for at least 5 min. and then placed, gelatin side up, 
on a sheet of plate glass. It is preferable to place over the paper a piece of a damp 
blotter to maintain the paper in a moistened condition throxighout the variovia 
transfers. 

The magenta-dyed relief is removed from the acidulated water bath and placed 
image face down on the prepared paper. Holding one edge of the film with fingers 
to prevent sliding, the surplus water and air bubbles are expelled by going over the 
film with a fiat squeegee a few times in both directions with increasing pressure. The 
contact between the relief film and the transfer paper must be intimate. The sand¬ 
wich can now be covered with another sheet of plate glass and allowed to remain in 
this manner for a time which might vary from 10 to 30 min., depending on the strength 
of the relief image. 

The transfer of the dye can be expedited by increasing the pressure and keeping 
the sandwich warm. This can readily be done by placing some additional weight over 
the plate glass and covering with towels dampened in hot water. 

The relief film should be left in contact with the transfer paper long enough to 
allow a complete transfer of the dye. When this is accomplished, the film is peeled 
off the transfer paper and put away to dry or replaced in a magenta dye tray if addi¬ 
tional prints are to be made. Without giving the transfer paper a chance to dry, a 
thin sheet of Kodaloid or celluloid should be dampened and placed direcrtly over the 
transfer paper. On top of the Kodaloid place the second relief film stained in the 
blue-green dye. 

The Kodaloid sheet should not be placed entirely over the tnageuta imago, but i 
small safe margin at the extreme left should be left exposeei to pornut holding elowi 
in contact the. blue-green relief and the transfer paper, still permitting the Kodal()i< 
sheet to be pulled off when the right registration is accomplished. In this manner tin 
registration can be carried out with plenty of time without any danger of the bhio 
green dye transfeiwing out of the register and blurring the results. When one is satis 
fied with the registration, the blue-green relief should be (damped down on th 
extreme left edge with fingers and then the right-hand edge l>ent l)a.(dv to ailov 
the removal of the Kodaloid sheet, after which the Idue-grcMm :-<‘lief is alio wen 
to fall down in contact with the transfer pap(u-. Tlu; surplus wa,t(u* a.nd any ai 
bubbles are sqxieegeed off rapidly with increasing pressure, as was done with tht^ firs 
transfer. 

The time of transfer for the blue-green imago is about 10 to 30 min., dtqx'ndiiig o 
the pressure applic^d and the temperature. 

The transfer of the yellow dye is accomplLshed in idotvtical inauner, alt hough (h 
time required for the yellow transfer is appreeiahly less t lnui for the ot Ikm- t wo colon 
When the yellow relief is removed from the transfer papeu-, the final color print shoul 
be dried quickly to preserve thf‘ sharpness of the image. 

The following formulas for tlie developing of the relied' ima,g(^s, tdie l)l(‘a.ching an 
the fixing bath arc those recommended by the Kastman Kodak Co. and it is advusab! 
to follow them very closedy. 


DKVKUounn (Foumuua DK-50) 

WuUd- (iiboul, 12.5'’F.) (.52°(’.). 

Klon. 

vSodilUH 8uli)hito (dcbsiturtiL<Hi). 

Hydroqiiiiione. 

Kodalk. 

Potassium bromide. 

Col<I \vater to nuik<'. 


(>z. 2 1. 

145 p;r. U) 

4 oz. 120 m;. 

145 Ki * 10 ji;. 

1 oz. 145 40 p. 

29 2 K. 

1 Kill. 4 i. 


Without dilutioii, develop 5 min. at 
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Wash-opf Rel,i£!p Bleaching Solution (Formula R-IO) 

Stock Solution A 


Sulphuric acid (c.p.) (E. K. Co.), 
Water to make. 

Sodium chloride (table salt). 

Water to make.. 


Stock Solution B 


16 

oz. 

600 cc. 

290 

gr. 

20 g. 

4 

cc. 

4 cc. 

32 

oz. 

11 . 

1>2 

oz. 

46 g. 

32 

oz. 

1 1. 


P'or 11 so, take one part of A, one part of B and six parts of water. 

Nonhardening Fixing Bath (Formula F-24) 

Wator (about 125 °F.) ( 52 “C.). 16 oz. 

Hypo.. 

Sodium Hulphite (deniccated). 145 p:r. 

Sodium biMuli>hite..... 305 gr 

Water to make.. .. 32 oz. 

A(’U) TTaudening Fixing Bath (P^'ormula F-5) 

Wat.er (about I 25 '’F.) (r> 2 “C.). 80 oz. 

Flypo. 2 lb 

Sodiuru Hulphite <leHi(!catetl. 

Acetic acid (2S%) . 

Bori(^ n<*id, cryntalu. 1 

Pot.aHwium alum. 2 055 

Cold water t.o make . 1 


16 oz. 

500 cc. 

8 oz. 

240 g. 

. 145 fKi'- 

10 g. 

. 305 gr. 

26 g. 

32 oz. 

1 1. 

F-5) 

80 oz. 

2.51. 

2 lb. 

960.0 g. 

2 oz. 

60.0 g. 

6 oz. 

190.0 cc. 

1 oz. 

30.0 g. 

2 oz. 

60.0 g. 

1 gth. 

4.0 1. 


Tabi.k op Dilutions op Ac^ptto Aoid 


( 'uru'en t ra*" 

. . - -.- ..-...... w 

Amount 

tion, 

.'.......' 


per (M^rd. 

(Ihu'ial aci'tic aci<l 

28 per emit coinmeriual aeof.ic acid 

^ 1 a 

1 c(\ dilul<Ml to 1 1., or }.i fluid dram dilute<i 

i 3,6 <u;. diluted to 1 L, or 1 fluid dram dilutod 


fu 32 07.. 

1,0 32 oz. 

1 .., 

r> (U-, dibit,<*(1 to 1 1., or 1.^1 nui<l draiuH di- 

IS cc. diluted to 1 ]., or 6 fluid <lraiuH <liltd.ed 


luted to 32 oz. 

to 32 oz. 

5 

aO cc. (lilutcd Id I L. or 1-5 fluid draiUH di- 

180 C.C.. dilulcd to 1 1., or .5-1.1 fl. oz. <lilutod 


luted to 32 oz. 

t,o 32 oz. 


A LU MI N UM SublMI A'ru S< )LU'r lON POH Mokoa N^ri NO 

Solution A 

Alumiiuim Hulr>luit.<‘. 

WatiU’ to mHk<‘... 

SoLurioN B 

Sodium carboruit<' {(h'HiiMUil <*d). 

Wat (U' i o inaU('... 


FaI-ER (P\>llM.IlIiA M-1) 

(>»,i oz. 200 K. 

;52 oz. 1 1. 

1 OK. 14.') Kr. 40 R. 

10 oz. .500 CO. 


.<\dd li slowly to A, s(irrin>>; well duriiiM; (l>e !i.(l<li(.i(jo. 
fins! I'oniKul, hut this <lissolv(‘S u|)oii stirriiifi;. If ;i, t riuu' 
filtcrcul out with ;i I'upid filtiu' pupiu'. 


A vvhiti^ prt^tnpil-ad(' is at 
should rcuruliii, it. (ui.n l)o 


5 pKR (h'lN'r Sodium A(’F/r\'i'K SouirrioN 

I)issolv(' aodium !U!e(ul.<* fnuliydroua)...f 

Or diMNoIve podium juadiite fanroua)... 1 A'l 


PAO c.<'.. wat)<*r. 
in 32 oz. wat<u'. 


Pinatype Process, (h^lnlin has the jirojxu-ty of nhsorhinp; some type, of dyes in a 
mnniier inversely proportional to its decree of hardness. This jiroperty ean bo 
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utilized for the purpose of transferring coloring dyes instead of producing the wash-ofif 
relief image as described before. A process based on this principle was introduced 
commercially several years ago under the trade name of Pinatype. Material for this 
process is obtainable from the Agfa-Ansco Company. 

Plates coated with gelatin and suitable as matrices for Pinatype-dye transfer are 
available commercially, although the usual diapositive plates fixed in plain hypo can 
be equally satisfactory. 

The usual procedure is to senshrize the plates for 3 or 4 min. in a solution of 2 or 
3 per cent of potassium bichromate and to allow them to dry in the dark. Althovigh the 
plates are not sensitive until dry, the sensitizing should be carried oiit in subdued day¬ 
light or under incandescent light. The plates so prepared should be utilized within 
24 hr. 

The matrices must be printed from positives, and it is therefore necessary to first 
print the negatives either by contact or by enlargement on positive plates or films of 
the final size. 

The necessity of preparing first positive transparencies constitutes an additional 
step in disfavor of this process. However, this particular step can be utilized to com¬ 
pensate for exposure irregularities of the original negatives. The printing of the 
bichromated plates must be made by contact with the positive transparencies in a 
printing frame by means of sunlight or arc light. Since the image on the bichromated 
gelatin is only slightly visible, it is best to place behind it, in a printing frame, a piece 
of printing-out or proof paper to act as a photometer. The correct degree of printing 
must be determined empirically and judged completely by the image on the printing- 
out paper. After printing, the bichromated plates are to be freed of the bichi-ornate 
by washing in running water for 10 or 15 min. As the sensitivity to light coa.ses 
immediately when the plates are immersed in the water, the washing can l)e carried 
out under ordinary light. 

The Pinatype printing plates must be carefully identified by suitable markings, 
or they could be slightly stained in the appropriate dyes to avoid any la,ter mix-uj). 
It is best to let them dry completely before the final staining. The dye solutions 
made up in a concentratioir in accoi-dance with instructions of the nuinul'acdurer. 
The order of transfer to the final paper can be the same as with the Eastman wa.sh-off 
relief, viz., red, blue and yellow or blue, yellow and red or blue, red and yellow, ll. is 
best, of course, not to transfer the yellow first, as otherwise the rcgistra,t,ion bec^ornes 
too difficult. The insertion of a thin Kodaloid sheet between the matrix aiul a final 
paper for the purpose of obtaining correct registration will be found of great 
advantage. 

The time required for staining the matrix the first time will be about 15 min. oa.cJi, 
a,fter which each matrix must be well washed until no appreciable color is givcm off. 
The type of paper and its preparation for final transfer can be as d('S(.ribed under 
Eastman wash-off relief. 

An alternative method consists in utilizing the positive tra,nspa,renc.ies a,s ina,trices. 
With this method the positive transparencies fixed in plain hypo a.nd wtill washed are; 
sensitized for 3 or 4 min. in a bath consisting of 


Aninioniuiti bichroiiiiiie. ...... 12*2 

Water. H)()0 c<r. 

Ainriionia..... 25 ct*. 


The sensitized transparencies should then be put to dry in th(i dark a,nd, when dry, 
(exposed to suidight or arc light with the glass or celluloid sides toward the light sourt^e. 
The amount of exposure to the light in this case also can be controlled by placing 
behind each diapositive a sheet of printing-out paper. The diapositives must be then 
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washed for 10 or 15 min, to completely remove any trace of bichromate, after which 
they can be stained immediately in the appropriate dyes or allowed to dry as before. 
If it is considered desirable to remove the silver image before staining with dye, this 
can. be readily carried out with regular Farmer’s reducer. 

T. he advantages to be derived by using the positive transparencies for dye printing 
are as follows: Since the exposure to the light has taken place through the back, the 
degree of relief is extremely small and the successive stainings take place in a much 
inore uniform manner, as compared with the pi'evious method. The contact with the 
final paper is a good deal more intimate and the delicate details are retained a great 
deal more faithlully than with the straight Pinatype method. 

With ]>oth methods, however, positive films can be used to advantage in place of 
glass phites, as the squeegeeing operation can be carried out much more easily. 

Dyebro Process.—Relief images on thin celluloid supports can be produced also 
by the carbro method. The only deviatioiis from the standard carbro method a,re as 
follows: Instead of trichrorne tissues, an appropriate gray tissue with very slight 
coloration is being used. All the various operations, however, are strictly identical to 
th(i previously described carbro process. After being made insoluble in contact with 
bromide papers, the tissues are transferred to the celluloids, without any waxing, and 
developed in hot water as usual. 

The staining of these reliefs, the final transfer paper, and the method of dye trans¬ 
fer is siricdly identical with the Eastman wash-off relief. The carbi'o reliefs on the 
thin, transparent celluloids should be given an additional final hardening in a 5 per 
cent solution of formaldehyde, before staining, to increase their durability. 

Chemical Toning Processes.—A positive silver image can bo converted into a 
colon'd image by n^placing the silver of the image by means of inetalli(^ compounds. 
Mc'tbods lor producing satisfactory bhni and ydlow tones have long been known, but a 
.sntisra.(d.ory mag<'n(,a image! by clu'mical toning has been made available only 
rcaamtly by Dirfender and (he complete process marketed xmder the trade name 
Chroma (one. 

By this proc<‘ss, prijits from tlu; three color-scpa.ra.tion negatives are made on a 
sp(M‘ial pa.p(u* from which ( he image can I)c strippeal a.nd (ramsf(*rr(Hl in register to a 
final sui)])or(.. d'lu! emulsion of Mie printing pa.p(!r is (!a.rri(ul by a.n Cixtremely thin 
(‘ollodion sliced, which (hdaelios from the paper base during ( lie washing operation. 

ddir<‘e devn'lojiers are recommended for use with (lui Chr()ma.(.(>ne printing paper, 
dtiptuiding on (he nature of (he original three eolor-se]>ara,(ion nega.(iveH. 


S'l’.VNDAIU) b'oHMUn.A 1 

VVatin*. .. 

M('t()l. 

So<liuBi Hiilphil.n (dry). 

11 y <1 r o( I u i tH UK". 

Sodium <*nr!K)mit<‘ (dry). 

Pot UHHiutn l>roiiud<^. 


b’OH PuiN'l'S I-’HOM NoitMAU NkOATIVIOS 


‘10 

. 

2()()() cti 

r>i 


1 - r> g. 

0. 

5 07. 

22 . r> g. 

(>0 

prr. 

0. r> g. 

0. 

5 07, 

22.5 g. 

25 


2.7 g. 


Development : D j niin. at 70"F. 


h’dltMlII.A 2 Foif (loOD PniN'l’S KliOM 

Wut or. 

Moiol. .. 

Sodium Bulphil<' (dry). 

So<iium (‘Rfhoiui to (dr,\' ). 

Pot aHHium 1 ►ronu<l('.. 


IIahi) Nioua'i'ivks 

. :i2 OK. 1000 cc, 

. t i K' . K. 

. I oz. 88 Kr. 80 K- 

. 2(5.8 p:r. IH K. 

. r>8 Ki . 4 n. 


b'or us<', OIK' pa rt s( ock sohi (ion, ( hro(' pa rt n wa t er, and di'X'elop 3 I o •! min. a t 70"’!*’. 















Handbook of photograph'^ 


646 


Formula 3 —Vigorous Developer for Good Prints from Soft Negatives 

Solution A 


Water... 

HydroQuinone.. 

Sodium sulphite (dry). 

Sulphuric acid. 

Solution B 

Water. 

Sodium carbonate (dry)... 

Potassium bromide.. 

Sodium sulphite (dry)... 


32 

oz. 

1000 cc. 

1. 

5 oz. 

45 

1 

oz. 

30 g. 

60 

minims 

4;^CC, 

32 

oz. 

1000 c(!. 

4 

oz. 

130 fr. 

120 

SCI- 

8 p;. 

3 

oz. 

00 g. 


Use equal parts of solutions A and B and develop 5 min. at 70°F. 

Assuming that the negatives are carefully balanced or that a satisfa.ctory measure¬ 
ment of the factor of the three negatives has been determined with a densitometer, an 
additional factor with respect to the three chromatic colors is necessary. A satisfac¬ 
tory print from the green-filter negative is first obtained. The exposure necessary for 
the print from the red-filter negative must be increased 10 per cent and the exposure 
of the print from the blue-filter negative by 25 per cent over the exposure given to t hc! 
green-filter negative. After development with the appropriate developer, the thro<j 
positives are fixed in an acid fixing bath. The Eastman F-5 fixing-liath formiila is 
satisfactory for this purpose. The washing of the positive prints must l:)e carried out 
for at least 15 min. in running water to make sure that every trace of hypo has been 
removed, otherwise the subsequent chemical operation might be badly affeeti^d. The 
manufacturers of the Chromatone material recommend the following thioeyan}i.t<i 
fixing bath whenever speed is necessary, as even a trace of this ehemic^al does not 
interfere with the toning solutions if the washing is not carried out fully: 


Water..... I ()()() rc. 

Potassium th-iocyanate. H)0 jz;. 

Potassium alum. r)() jz;. 

Glacial acetic acid. 


During the process of washing, the collodion emulsion ordinarily detu,e,h(‘s from 
the paper base, and it must be carefully handled to avoid tearing. 

Before proceeding with the toning operations, the following Tnisc(dla.u(';ous solutions 
must be made up: 


SoTjUTroM A — DiDaTE Hydrochloric Acid 

Hydrochloric acid (c.p.). 1<) oz. 

Distilled water. 48 oz. 

Solution B — Standard Hyuo Solution 

Granular or rice hypo. 12 .‘-.t (va. 

Distilled water. 32 oz. 


used. A bath containing acid or alum will bring complete Failure. 

Solution G—Standard KiauuioYANiDE Solution 

Potassium, ferricyanide... oz. 

Distilled water. 4 oz. 

Working Solutions kor Curomatonk Color PuiNrs 

(Sufficient Quantity for Toning 5- by 7-In- I^rints) 

Rld and Blue Toner A Working Solution 

W ater. 1 oz. 

Red aud blue toner A . 1 oz. 

Standard ferricyanide solution.... It'i draniK 


500 

Cf*. 

1 500 


70 

K- 

1 000 

(U'. 

Ihlli 

must, bn 

1 1 


100 

CG. 

25 

CO., 

25 

CO, 

5 

CO, 


This solution does not keep well when mixed, and only sufric-ient should he i)r<^j)a,red 
for prints in process. 
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Ykllow Tonkh a WoitKiNG Solution 

Yellow loner A—No. 1. 1 ox. 26 cc. 

Yellow toner A—No. 2. 1 os^. 25 cc. 

Standard ferrieyanido Holution. drams 5 cc. 

Add No. 1 to No. 2, stirring genl.ly until any procipitai.o that niay a,i>pear is com- 
phd.oly diHHolve<l. 

Tliis solution does not k<‘<'p well wh(;n mixed, and only suflicicnt should be prepared 
for prints in proei^ss. 

7'oning the lied and, Blue Prints .—The st.rippecl-olT lilnek-and-white positive prints, 
intend(*d for the r<‘d and blue images, are pla(HHl togetluu- in one trn.y, a,nd the red and 
blue working solution (nsl a,nd blue toner A), made up as out lined aliove, is a,ddod. 
This preliminary A foiling is judually a Ideacliing pro(‘<*ss. Care should be taken 
t hat, f he films are f horoughly sa turated witli f ive solul ion. If. is atlvisable to turn 
them <>v<‘r n'peatedly and to rock f.he ti'ay to remove any air Imbbles. 

A swab of absorlxnif, eotfon or a, wide rubber-set varnish brush is very useful to 
j)rev(‘nt all kinds of smear marks a,nd uneven foning. The lirusli or swab should be 
used almosf. (onf inuously and must not lie (ransferri'd from oiu' solulion to another. 
Th(‘ swabs ean he t hrown away after use and the brush f lioroughly washed before 
reuse. This praidiia' is valuabU' in the first toning stagivs of all three colors. 

{Swab the back to removi^ adherent hack coating whiidi may cause fading by 
eontaminat ion. 

K(‘ep the toning solutions <h)o1. 'Their temperatures should not <'xc,oed TO®!*’’. 
W'ith higluM- ti'inperaf ures, loss of high lights ma.y ocxuir. 

Immersion in tlu' .1 solution sliouhl b<> continued for at If'ast 15 min. and, in any 
cast', until all tlu' blaek silver is removcal. Whim a print, is thoroughly toned, it will 
aiipear as a. light gnamisli-brown image. It. is Mum placiHl in running water and 
thoroughly waslu'd for about 10 min. As an altiirna(iv<' th<‘ print, may be washed in 
five compl<'t(‘ changes of water in a t ray. The washing opi'ration aftc'r toning is of the 
gnaitest importance' and must not b(^ slighti'd. 

It is also very essential that tlu' hands lx* ki'pf, (dean at all tilings in order not to 
contaminat(' one .solut ion hy t ransh'rring a.not lu'r solut ion to it . 

After this washing, tin' red iniagi' is plant'd in tlx' rt'd toner P and a,llow(Hl to tone 
lor !ibouf It) min. (tlx' foning proc<'('d.s to compltdion in this tinu'; a, litth^ longer tinu^ 
in the bath will do no hnrin). 'riu* .solution is then pourt'd off for u.se a. second lime, 
and the print isimmer.st'd for.'l min. in a standard hypo .solut ion. It. is now washed for 
about b") min. in running water or in fiv<' or six comphde cha.ngt's of watt'r. It is then 
r('!idy for a.ss('mblmg. 

Similarly the hint' inuige is jilact'd in the hint' tont'r li juid iillowed to nunain about. 
10 min., after whitdi the toner is pourt'd off for nst' a, .second tinu' and the [irint. is 
immersed in a tniy of weak hydrochloritr !ieid solut ion for about 1 min.; ITst^ on<^ part, 
dilute .solution with two parts waf('r. 'Tlu'prin t. Ls t lioroughly waslu'd in running wati'r 
foralioul. 10 min. or in liV(* com jilef i' ch;tng('.s of water, after which it. is phumd in a. f ray 
containing standard hypo .solution, imuh^ u|) as diri'cti'd, until gnxMiisli t.ones have 
chiuigi'd to blu(>. It is then waslu'd for .about 20 min. or in six comph'f.c: (duuiges of 
Wider. It is then ready for as.sj'tnbling. 

'I'anitig (he Y ellotv ! tnage. 'I'lic: yellow toning solid ion (yellow toner A) i.s supplied 
in I wo solutions and must be madi' ready for use as described. 'riui print, to be toned 
yellow is immersed in (his solution for about 10 min. '^Phis work nuiy be cuirried on 
simultaneously with (he blue iind n'd toning o[X'nitions, separati' trays bedng msed. 

.After iibouf 1 .a min. t In* .solution is poured off into n. gniduate, and 10 cc. (3 dra.rns) 
stiuidiird hyjio solution is iidded to e\'ei\\' .">0 cc. (2 o/-.) woiking .solut.ion, sind thor¬ 
oughly mi.xf'd. .Next wjish (he pritd for 1 min. in running water, or in one cornph^te 
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change of water, return, it to the tray and pour the solution back on the print. The 
operation should be done quickly, and the tray should be vigorously rocked for about 
1 min. to prevent any streaking of the yellow image. If some degree of sti’eaking is 
apparent at this point and is not too pronounced, it may be ignored. If care is taken, 
however, no difficulty will be experienced. The print is now allowed to remain in the 
solution for about 3 min., after which the solution is discarded, the print is washed for 
1 or 2 min. in clear water, and then it is immersed for about 1 min. in a solution made 
up of one part standard hypo solution and three parts water. Do not keep the print 
longer than 1 min. in this solution, as the image at this stage is slightly soluble in hypo 
and high-light detail may be lost thereby. Wash the film immediately for not less 
than 20 min. in running water or in five or six complete changes of water in 
a tray. 

The yellow image, after thorough washing, is immersed for about 2 min. in the 
yellow toner B, and then washed in running water for about 20 min. or in six complete 
changes of water in a tray. It is then ready for assembling. 

Assembling the Three-color Print .—The third step in making color prints by the 
Chromatone process is assembling the finished photograph. 

The three-color images are now registered on a gelatin-coated paper (Chromatone 
backing paper) which has been previously soaked thoroughly in water. Ijay the 
backing paper, gelatin side up, on a clean ferrotype tin, clean glass or Masonite t(un- 
pered hard board, or on any flat waterproof surface. The yellow image is phu'ed first 
on the paper and squeegeed firmly into place, emulsion side down, and allowed to 
remain for a few minutes to prevent sliding while registering. The red image is then 
placed on top of the yellow, pushed carefully into register, squeegeed lighUy, the 
register cheeked, adjusted if necessary, and the red image squeegeed firmly into place. 
If at this point the two images do not appear exactly in register, the red sh('et may b(< 
peeled off carefully, remoistened, and registered again. It will be found <';a.si(!r to 
register the red and yellow images if they are viewed through a, light-l)hi(^ fillr^r. 

The blue image is then superimposed upon the other two, ])reGisely as doscu-ilxMl 
above, completing the color print; all prints emulsion side down. 

The collodion support of the emulsion, although extremely thin and l,ra.n.spar(ml, is 
to some extent objectionable, not only because it reduces the brilliancy of th(' final 
image, but also because it tends to curl inward in drying and prevents the. prints layitig 
absolutely flat. This difficulty can be avoided by removing the collodion su|)port aft tu- 
each transfer by dissolving it with acetone. This is best done l)y allowing eacdi tra,ns- 
fer to practically dry before removing the collodion in order to avoid any da,mag(i to 
the gelatin emulsion. If the removal of the collodion is decided upon, it is a.<lvisabh; 
to use a weak gelatin solution between transfers to produce a, more coinplot<^ a,dli<'sion 
of the partial images. 

With this process, as well as with the others so far described, short cuts n,r(‘ not. 
advisable and instructions issued by the manufacturers of the matcu-ials arc usually 
published after careful studies and should therefore be scrupulously a,dhcrtHl t.<i in 
order to avoid waste and disapnointments. 

Since variations are introduced from time to time in the quality of th(‘ ma.tcn-ial, it. 
is advisable to request up to date information from the manufacturers. 

Gelatin Relief with Color Pigment in Suspension. Duxochrorne.-- yc-ars 

ago H. J. C. Decks introduced a process for color prints on paper consisting of .silvan- 
bromide emulsions coated on thin celluloids from which the emulsion could be- st riiiped 
at a later stage. The emulsion carried in suspension, the appropriate c.olor pignumts 
and three different emulsions were supplied, each one with the corresponding c;ompl(‘- 
mentary colors—yellow, blue-gi-een, and magenta. The printing exposure for (uurh 
emulsion was determined by comparison with a standard bromide paper. The (uki)o- 
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sure, of course, was made through the celluloid support and the development was 
carried out with a tanning developer such as 


. 1000 cc. 

Metol, .. 1 5g 

Hydroquinone. X . 5 g. 

Sodium sulphite (dry). 2 g. 

Sodium carbonate (dry). 17.5 g. 

Potassium bromide...... 1.5 g. 

or 

Water. 1000 cc. 

Plydroquinone. 4 

Sodium sulphite (dry). 2 g. 

Sodium csarboiuite (tiry). 15.5 g. 

^Potassium bromide. 1 g. 

or 

Water. lOOO cc. 

Pyrocatechiri. 2 g. 

Sodiuiii sulphite Uh’y). 2 g. 

Sodium hydroxide... 1.5 g. 

Potassium bromide. i 

or 

Water. lOOO cc. 

I\vi'o«idlol. 2 g. 

Sodium sulphite (dry). 15 g. 

Sodium carbonate (<lry). g g. 

Potassium bromiile. 0.5 g. 


Tlu*so (lev('lop('ns do not kc'op lieeauso of the srtudl qiuirility of sulxjhito and 
.should thoroforo Ix^ uuuh^ up just. Ixd'on’i uso. 

Jnuncxlint(dy d(*v(do{)ru(uit/ and without, fixing*, tlic silvor images were passed 

into a, hath oF hot water in whie.h th(‘ emulsion, not a.ff(Hdod hy tlie tajining atdion of 
th(‘ (hnudoptu*, wa-shtal n.\va.y, heaving tlu’t (colored image in rcdief. Tlie l)la(d<. silver 
inuigt^ wa.s sul)scupi(‘ntly nunovcul hy any of th(^ w(dl~kn<)wn redu(*.ers. The (“.olor 
inuiges wore, \iiior t rarishu-riMl and n^gist (u*(m 1 on a firia,l siqiport in the ordcu*- y<dlow, 
magcaita., a,nd hlue-gnxui. 

Alt-hougli namirkaJily Ixaiutiful n^sults were: ol)ta.in(xl from t.his process, it did not 
nxHd. wit h any di^gnu' of su(*<xhss for naisons not. a.tt ril)utaJ)l(^ to tlx^ prcxxhss it.self. 

H(M‘<‘ntly a. vea-y similar process ha.s origiiuit-t'd in (hu'uiany a.nd is being marketed 
throughout. t h<‘ world uiuhu' (lu^ t ra<l<‘ naatu^ I )uxo(din>iu(;. 

Idx' 1 )ux()ehrome color films an^ oht a.iiia.I )1(^ in pa,(*kn,gc^s (‘on taining an (xpial amount 
ol tlu' thnx: colors. Tlx* s^iec^d of Duxochrome film is apfiroxiinal.tdy that of an ordi¬ 
nary hromi(l<* pap<M*. hlxposun* for this film also must ht* imulc* t.hrougli tlx* (‘(*lluloid 
support, Jind tlu* magaada. and y(*llow (aiiulsions n'cpiirx* a.iiiinaaa.hly longer (‘xposun^ 
t han ( h(* lihaa '‘riu* rat io of (‘xposun* is, roughly; h!u(% I ; nutgfada., 2; yc*ll<)w, 3. The 
d(*v(d()p<a’ naairnnKaxhal is t in* oin* sup|)Iied hy t lx* ina,nura,etuna* of t Ix^ <a)lor film aaxl 
is put u[) in two s(*panit(‘ pa<*kag*(\s to ma.k<* up st.o(d< solutions A and /k 

ddx‘ pnxx'ssing of I )ux()ehronu* f‘hn is lx*st, ca.rrical out. hy first. j)r<*pa.ring t.lx* various 
solutions ixax'ssary in a. stock form from wlii<di th<^ working solutions (am lx‘ (piickly 
|)r(q)ar(xl hy simph* dilution. ddx* following st<x‘k solutions ar(* n(X'<,hssa.ry: 

Htock solution .1 and li ar(* math* up in a.ccmrda.mx* with dinad.ions in tlx^ e.onta.in<‘r. 


Sro<ui SomrrioN C 

PotjiHHiuni m<a.nhiHu!i>hit(». 12 oz. 

lajiiii wider (w’nrui). 2-1 oz, 

SrotiK SoixmoN !> 

PotjiHHiurii f(‘rric.\'iini(Ic. 1 o/,. 

plain vviil('r (wartn). 55 o/,. 




























650 


HANDBOOK OF PHOTOGRAPHY 


Stock: Solution E 

Glacial acetic acid. 

IPlain water (warm).. 

Copper sulphate (c.p.). 

Stock Solution F 

-A^mmomum chloride. 

I^lain water (warm). 

Stock Solution H 

Hypo crystals.*. 

Warm water to make. 

Th.e working developer is made up by taking 


Stock solution A . 2 parts 

Stock solution B . 2 parts 

Distilled water. 20 !>arts 


Satisfactory results could be obtained also by using the taiining developer fornuilus 
given above. 

The time of development with the Duxochrome developer is of the order of 4 min. 
at 70 °F. when prints are made from normal negatives obtained directly from tlie 
original subject and processed to about gamma of unity or slightly less. When, 
however, the printing is made from color-separation negatives of Kodachrome or Dufay 
films, the required development time of the positive might be appl-eciably shorter 
since the original color transparency is ordinarily very contrasty. The correct time 
of development must be ascertained in such cases by trial. 

When dealing with very thin negatives an increase of contrast can be obtaiin^d by 
increasing the strength of the developer such as, for instancie, 


Stock solutions A . 3 parts 

Stock solutions B . 3 parts 

Water. 20 partH 


In addition the time of development can also be appreciably increased. 

It is imperative that the Duxochrome developer be made up with distilled water. 
The development of the three-color films must be carried out with as mucli uniformity 
as possible, either by developing the three films all together with a fair amount of 
uniform agitation or I'jy developing each film individually in fresh dovelopc^r for tlu^ 
same length of time and same agitation. 

The degree of development cannot be judged by the appearance of the image as in 
the case of bromide papers because the exposure was made tlirough tlio (udluloid sup¬ 
port. Furthermore, under the darkroom safe light the images would appear ai)j)n^- 
(iiably different because of the color pigments in the einulsiori. 

Following development, the color films should he cjiiiekly i^assfal, without rinsing, 
into a stop bath as follows: 

Stock solution F. 

Stock solution JI 
YN ater. 

The films can remain in this bath for only a f('\v s<'C()nd,s, aft('r which th(\v should 
be transferred to the fixing l)ath made up as follows: 

Stock solution II 
Stock solution C 
Water.. 

The time of fixing is about 10 min., and the films should he mov('<l about octca,- 
sionally. The following operations cati l)e now carried out iti full daylight: 

After fixing, the color fihns should be washed in running water for ah(Hit 3 min, 


A on. 

'■2 on. 

-I OZ. 


2 i ) Z . 
2 oz. 
22 oz. 


4 oz. 
24 oz. 
3 oz. 

12 oz. 
24 oz. 

16 oz. 
32 oz. 
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The next operation is the removal of the emulsion which has not been affected by 
the developer. This is obtained by immersing the color films in a tray of hot water, at 
about 125°F., to which a few drops of glacial acetic acid have been added. 

It is not advisable to treat the three films all together because of the danger of 
damaging the delicate relief image by sliding one over another. The development of 
each film in hot water can be carried out in succession or in separate trays. Each film 
should be given a few rinses in hot clean water until no appreciable trace of color drains 
out. 

The bleaching of the silver image is next carried out in a solution made up as 
Follows: 


Stock Holiition //. 2 02 , 

St-ock Holutiou D . 2 02 . 

Water. 8 oz. 


The bleaching time is about 5 min., or it should be continued until every trace of 
l)la<*.k silver has disappeared. 

Following the bleach, the image should be given a wash of 5 or 10 min. in running 
water. 

At this stage both the yellow and magenta images can be put away to dry. The 
blue-green image, however, slioidd be given a 3-rnin. treatment in a solution made up 
as follows: 


8 to<^k HolutioM E ... 1 02 . 

Waiter. 8 02. 


Tlien it should lx; bric^fly rinsed in (^old water, after which it can be also put away to 
dry. 

A ('('rtiiin amount of (xorrcwtion to improve the color balance can be carried out 
b(dor(^ tin* emulsions arc; dry. For this purpose it is Ijcst to superimpose the three wet 
imag(^s togi'lluu’ on the bottom of a white (uianutled tray 1,0 judge; the over-all l)alance. 
In cas(‘ of a predominance* of one color that pa,rti(;ular film can be further treated in 
hot wat(*r until nxluced sulliciently. It is best, however, to avoid this partial correc¬ 
tion as mu(di ns possible. 

The assembly of the thr(*(; colored irnagevs on th<; fina,l pajnu" is carried out in the 
following maniu'r: Tin; y(;llovv film and a ])i(;c.e of fina,l ])ap(;r of the correct size are 
inini(‘rs(;d in cold watc'r for about, 5 nun. The t.wo arc; withdra,wn tog(;th(;r carefully, 
avoiding air b(;lls, and s(iu(;('g('ed with a flat s(iu(*('g(;(; to r(;niove the excess 
wa,l<;r. ndK'n the two a,ri; |)bu;('d b(;twe(‘n blotting pa,p<'r under a h(;n vy pressure, such 
as a, h't.l<'rpr(;ss. Af((;r about 10 min. tin; .sa,ndwi<;li is r(;nu)ve(l from xmder pressure 
and pla,(;<'d to dry in a wa,rm si ream of air. Wh(;n cornt)l(*t<;ly dry, the e(;lhiloid sup¬ 
port will r<'a,dily detach, l(;a,ving (he y<*llo\v image; on Mu; final pa,p<*r. 

d''h(> blue* film is now soa.k(;d in {;old wa,t(;r for about 5 niiii., aft(*r wlii(;h the paper 
carrying (lu; yi'llow image; is also pa.ss<;d int.o (;ol(l water for (‘x.-vclly 1 min. and the two 
brought into <;onta,<‘t and r('inov(;(l tr<)g(*tlu‘r from wab'r, ca.n*fully av'oieling air bells, 
'riu; two an* s(iue(*ge(*d ligblly (.og(;ther, (;a.r<;fully expc'Iling a,ny air bid)bk;s which 
might (;xist, a,n(l f lu; c.orn'<;t regisl ral ion is a.Hsun;d by sliding the; film gently. Again 
(Ik; sandwich is pla,(;cd be(,w(;(;n blot t ing pa|)(;r a,n<l utidcr pr(;ssun; for another 10 min. 
d''tu; drying is (.h(*n dom; by gc'iit.U; lu'at.. 

'^I'lu; reel image; is linally t,ra.nsr(*rre*d to (lie; e)tbe;r ( wo in ( lie; same manner. 

'File surface; e)r ( be; finisb<'el e-oleu’c'd print will asHunu* a. se'm iinat t.e; e;lT(;ct if soaked fe^r 
.se;ver!il minute's in warm WM.t.e'r and !illejwe;<l te> dry in e*e)ol air. 

The l)uxoehre)me i)reK‘e;sH h'liels itse'lf to the making of (;e)lor t ransparencies. 

'Flu* material fe)r this pre)ce*ss is ma.rke;te;d in the; United Ht,a,t.e.;s und(;r the trade 
name* e)f Ce>lorstil by lluthcnl.xfrg Color Photejgrapliy Ce>inpuny, Hollywood, Calif. 
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Color Prints by Dye-mordanting Process. —There are metallic compounds which 
have a strong affinity for basic dyes. This property has been made use of for produc¬ 
ing color prints on paper as well as transparencies, although the process lends itself 
much more readily for the making of color transparencies. 

Copper mordant is very probably the most satisfactory, and it is the one used 
extensively by Uvachrome. A satisfactory formula is one published by Namias^ and 


modified by Christensen in 1925. This can be made up in stock solution as follows: 

Stock Solution A 

Sodium citrate. 37.5 p;. 

Copper sulphate (c.p.).^. 3.4 R. 

Water. 1 ()()() cc, 

Stock Solittion B 

Potassium ferricyanide. 4 g. 

Water. 40 <‘.c. 

For use: 

Stock solution A. 130 cc. 

Stock solution B . 5 cc. 


The printing is best made on positive films and the image should be decidedly on 
the thin side when viewed by transmitted light. With a little experience, i.he strength 
of images can be readily determined. 

A satisfactory developer for a positive film is as follows: 


Pyrocathechin. 10 r. 

Sodium sulphite. 25 la;. 

Potassium carbonate. 25 p:. 

Potassium bromide. 0.5 r. 

Water. 500 c<b 

For use: 

Stock solution. 1 part 

Water. 7 parts 


Develop films until the right contrast is obtained. 

The fixing of the positive films can be carried out in an ordinary a<vid fixing bath 
following by a washing for about 20 min. The positives are bloacheil in the mordant 
bath made up as given above. Although the bleaching can be (H)mpl(ded in about. 4 
or 5 min., the action should be allowed to continue for 8 or 10 min. to make sun> t luit 
every trace of silver has been converted. 

The positives should bo washed again for about 15 min., after wliich ea<4i positive' 
will be passed into appropriate dye solution. Dyt^s satisfa,ct()ry for t his process an^ 
the following: 


For Bl.uk 

Methylene blue H.G.CJ. . .. 14 

Glacial acetic acid. 0 

Water. 1125 r,<*. 

For Maoknta 

Pyronin red G (300 per cent). ^ 

Glacial acetic acid. . ... 12 <'<■. 

Water. 1125 <tc. 

For Ykllow 

Theoflavin yellow. (> p;. 

Glacial acetic acid. 12 (.<*. 

Water. 1125 


iNamias, R., La fotographia a colori. 5th ed., 11 Progresso Foiografico (1930). 
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The positive film should be left in a dye bath for approximately 10 min. Following 
a brief rinse, it can be passed into a clearing bath for about 2 min. and finally washed 
in several changes of water for about 10 min. It is not advisable to wash the positive 
in running water. The clearing bath is made up as follows: 

.Hypo. 50 g. 

Sodium chloride. 25 g. 

Water. 500 cc- 

The assembly of the color positives on a final paper support can be carried out as 
follows: A gelatin-coated paper, which could be an oi'dinary fixed-out bromide of 
smooth sui'face, is first thoroughly soaked in water and finally passed into a tray 
containing a weak gelatin solntion such as: 


Nelson gelatin....... 1 oz. 

Water..... 32 055, 


The celluloid containing the bhici imago is also passed into the tray of gelatin and 
hrovight into contact with the bromide paper', emulsion to emulsion., and the two 
withdrawn, avoiding air bells. The two are now thoroughly squeegeed together to 
expel any adhering air bells and the surplus gelatin. Following this, the two can be 
placed undtu' pressure for a few minutes and then allowed to dry in open air. 

When coinpk.dely dry, the celluloid 1)ac^king of the blue imago must be removed by 
treating it with acetone. This operation is not difficiilt as it is only necessary to 
moisten the (Kdluloid baclcing with acetone’:, after whi<di the celhiloid can be readily 
s(U'aped off. Aft(u* wiping the surfa.ee off two or thr<K> times with a rag soaked in 
acetone, t hc’ surfn.c.e is ready for traiisfcu* of the second images whieli may be either the 
yellow or t he rod. Transfer of the yellow and red should also bo done in a solution 
of g(‘latin to assure^ peu'hot adhesion h(d»ween images. 

This procubss appcuirs coinplicuitiHl, hut heauitiful results can readily be obtained. 
It; must be born in mind, how<w(M', tliat l)asic. (ly(\s a,re not so fast to light as acid dyes 
and th(u*(d’ore prints imidc* with ha.si<‘. <ly(\s should not he unduly exposed to dire^ct 
sunlight. 

Color Transparencies, Color tra.iispM.ren<des to h(^ vic^wed by transmitted light 
or suita.l)l<' for pr()j<'c(.ion <‘an 1 k‘ obtained by any of t he |)rocesses so far described. It 
is imporfanf to note, how(‘v<'r, tha.t not. only must tlu' positivi^ imagevs be printed 
st.rongc^r but iln) contrast also must be praoticuilly doubhul as eoinpa.n'd with the paper 
prints, ddus Ixu'omi's imnuxliat <*Iy olivious by consi(l(U'ing t hc^ fac^t that in the case 
of t.h(^ |)rint tlu^ hg;ht is a.I)sorl)(Ml by the; (lolor hiy<u* in pa.ssing through, and 

absorlxul again wluui r<dlec‘t(Hl ha.(dv by t he pajxu* has(^ In this manner the density of 
t h<^ imag(^ has n, dou))l(^ (dbuM.. 

Within in<)dera,t(‘ va.lu<‘s of (UuKsit ies I In’; contrast, of t lu^ photogra.phie image to he 
viewaal liy ndlectixl light is appr<)xima.t(*ly <.wi(‘(^ as nuudi wluui (*<)mpa,r(ul with trans¬ 
mit, ted light.. 

KSin(U‘ t\w c:<)l:)r i)i<^tur<\s to lie vi<*w(Hl as t.ra.nsparenci(\s a.r(^ ordinarily inount<xl 
h(d,w(M‘n gla.ss(\s, it is oftc'u v(u\y convcuiicuit to (hn-^i'lnp ou(’ (‘olor image to one glass and 
nriot.lmr oiu^ to a,no(h(U'glass to Ix^ inouutixl fa,c<^ to face wit h t h<^ first. onc\ Tlu^ t hird 
iina.g{^ on a, thin <*<^lIuloid l)ns<* can then Ix^ mountexi in n’gister in hotwixai. 

If tlie traiispanuieies a.r(^ made* enl.indy by fJu* carhro proci^ss, the intermediate 
s(.('p of (l(‘V(tloping the color tissmss on a. transpartuit (xdluloid base for two of the 
irna.g(^s can Ix^ oinitterl hy (hoa^Ioping Mxun <lir(x*tly on t h<^ fina,I ghiss plat es, which 
must na-lxirally ha.v(' n g(da.lin (xiating for lx*:st r(‘sults. Tlu^ third color, pr<vf<a'ably 
th<‘ yidlovv, will Ix^ (l(‘V(dop(xl on t,h(^ (*elhdoi(l sup]>ort as usual and finally transfcM’red 
to on(^ or the other of t wo images (h'vadopixl on glass. Siiux’: tlx* two glass ])lates 
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will be ultimately bound together, emulsion to emulsion, one of the two images devel¬ 
oped on glass must be reversed with respect to the other. 

It is recommended that for the yellow image a specially transparent yellow tissue 
be used instead of the standard yellow ordinarily employed for paper prints. 

Other alternative arrangements suggest themselves. For instance, the blue-green 
image could be obtained by iron toning, and the magenta and yellow either by dye 
transfer or by the carbro method. A suitable formula for producing very acceptable 
blue-green images by an iron toning is the following: 


Ammonium persulphate. 1 f?. 

Ferric alum (ferric ammonium sulphate). 2.5 p;. 

Oxalic acid.*... (5 

Potassium ferricyanide. 2 f?. 

Ammonium alum. 10 jij. 

Hydrochloric acid (10 per cent). 2 cc. 

Water to make. 2000 cc. 


The method of compounding this bath is rather important. Each chemical should 
be dissolved separately in a small quantity of warm water, allowing it to cool and then 
filtering it into a tank in the order given above—with the water added to make the 
required volume. A properly compounded bath should be pale yellow and perfectly 
clear. The ordinary toning time is about 10 min. Since this toning bath has a st rong 
intensifying action, the original positive must be rather thin. 

It is not, in general, recommended, however, to make transparencies by combining 
various processes because it is usually difficult to obtain an oveivall satisfactory (H)n- 
trast except by very careful study of the chemical action of each method 
employed. 

Additive Processes. —The additive process which permits color reproductions to 
be obtained by the addition of color lights has found extensive applications for (H:)lor 
transparencies. As far as the color prints on paper are concerned, liowcver, it hu.s not 
met with any degree of success, although several attempts liave been mad(^ from tinu' 
to time. 

The chief drawback of any additive process is the great waste of liglit ommuntc'red 
in viewing the final color image. This point becomes immediately apparciit if we 
consider the additive synthesis obtained by means of three black-and-white positive's 
made from the original three coloi’-separation negatives, these positives being jn-o- 
jected by illuminating each one of them with light of the proper color. 

When a single source of light is available, it simply moans that tlio source of light, 
must be split up in three comimnents and into each component the approprial.<^ pro¬ 
jection filter introduced. If it is assumed, for instance, that each filt.er will transmit 
only one-third of the white light directed on it, then the total light available on t he 
screen will be approximately one-third of the light from the original souna^ In pra,en¬ 
tice this efficiency is never reached, and ordinarily the total amount of light nvailabh' 
will be nearer to one-fourth of the total light emitted by the source; or even l(;ss. 

Although theoietically both additive and subti'active processes are stri(;tly i<l('u- 
tical, in practice the additive process is capable of permitting far more faithfur n'suHs 
than the subtractive process if the waste of light is not taken int o consid(;rii.tion. '^Phis, 
however, is not always the case, particularly in connection with motion picl.ur(;s where 
the amount of light available must be utilized with the greatest possil)le effi(;i(;n(;v. In 
such case the tendency is to reach a compromise between quality of rt'sults and 
efficiency. This is done by utilizing very diluted projection filters a,ml very l.hin 
positives. When a suitable compromise is reached, it is ordinarily found tluit th(' 
results are very comparable with the subtractive process or not as good. Sinc(' 
mechanical difficulties are introduced by the retiuirement imposed by the additive; 










COLOR PHOTOGRAPHY 


65a 


process of having to split up the light source, this process is invariably thrown into 
discard. 

In the case of single transparencies to be viewed visually, the so-called screen 
plates and films in which the three-color filters are incorporated with the emulsion 
in a X'egular or irregular pattern, a fairly high degree of success has been achieved. In 
this class can be listed the Lumiere Autochrome plate and Filmcolor, and the Agfa 
color plate. Ihcsc three types carry the color filter elements coated on the support 
in irregular mixture of very small transparent elements, stained with the three primary 
colors. On this color screen layer, there is a protective coating and then the pan- 
<*hromatic onmlsion. The exposure of these plates or films is made through the 
supports. 

1 he processing of screen plates or film is very simple and consists in first developing 
tlu.^ original exposure, and then, without fixing, the developed silver image is removed 
l)y a suital)le bleac'h. The balaiu^e of emulsion, which was not affected by the first 
<Ieveloi)numt, is exposed again to a white light and redeveloped, resulting in a final 
]>ositiv<i image. 

rh<i r<v\’’ersal process, in order to be satisfactory, requires that the original exposure 
1)0 kept within fairly narrow limits in order to leave sufficient emulsion to later produce 
the positive image. The devcilopment also ixmst be carefully carried out as very little 
latitude is pormissilde. 

Th(^ manutaciturcu's of theses materials issue complete instructions to be found 
in<du(l<Ml in ea<di pacdcage, and it is strongly recommended that these instructions be 
cii r<'ifu 11 y fol 1 <>w(u 1. 

In order to pc'rinit a,n (exposure under different light conditions, suitable com- 
pemsating filt(u\s arc^ rn^cessary; these filters can be obtained commercially from the 
nuinuta-cl vinu's. To assure corrw.t rcvsults, compensating filters ap|)ropriat o to each 
light. sour(*e must lx* us(m 1 in a,c(M)rdan<*e with the nuinufacduror^s instrmdions. 

''lin* following instruct.ions in eoiul('ns(*d form e.ovcu' the process¬ 
ing ot t h(* Agla, (X>l<)r i)la.t(^, and for addit ional informations tlie rcaider sliould rcvfer to 
I lu* inst rmd ions suppli(*d wit h t in* m'gat.ive nuiterial. 

UHT D 10 V 


. n)00 CG. 

Mf'tol. . 3.25 ji:. 

S(><liuni (dry)... 25 K- 

U.N'drcxiuinonr' ... 1 jr. 

PotaHHiuin hronuda... 1.5 

Ainiuoniii Csprc. ^!:r. 1.01)... 7.5 gg. 


I^'or a, (xu’na'tly <‘Xf)()S(*<l plat<% llu^ normal tiim^ of chwc^loimumt will lx* approxi- 
inal<*ly 3 min. at Alxiut 2 oz. of the above* d(W(*lopc*r will Ix^ n<*cessa,ry 

to <l<*V(*lop a by t hi-in. plate*. h'or hirge*r phit.<*s t.lx* epuiutily of eUnx'loper should 

be* ineTe*as<*el in proport ion. This deve'lopen* e^an Ix’; ustxl also fe)r se'cond <l(w<dopment, 
blit, as it le>s<*s sln*ngth liy t lie* (*vnpora,t ion of ainmonia,, it should lx* elisea.rdexl after 
th<*s(*con<l elev(*le)[)in(*nt. 

Wlu'U tlx* first <le*ve‘Ioi)in<*nt. is <*e)mpl<*t(*, the* platen should be* rinse*d for a.b<>iit 1 
min. in a large* tray of wa.t<‘r, or running wa,t(*r if it. is (‘on ve*Tuemt ly at ha.n<l, a.nd then 
inune*rs(*d in the* re*ve‘rHing hatli innelc* up as follows: 


Wnt<‘r. 000 g,g. 

!*(»( jianiii rn l)i<’lirotiuiXc^... 50 . (» p;. 

Sulphtiri*^ acid (c.p.)... IK) <u^. 


"This is a. sto<*k s<>lutie>n; for use* take* 1 part solution to 10 parts wat.(*r. 

A fe‘w s<*(‘onels afte*!* I he* [)lnt(* has lx*e*n immc*rs<*d in the* re*v<*rsing so!ut ion, t he*: white 
light (*an he* turn(*<l on anel the* proex'ssing eaxnt.iniHxl un<l(*r normal whiter light,. 
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reversal will be complete in about 2 or 3 min.; the plate should be washed in running 
water for another 2 or 3 min. and then immersed again in the developer and left there 
until the remaining emulsion is completely blackened. The plate should now be 
given a final wash in running water and placed to dry. 

Varnishing the emulsion of the plate with a 3 per cent solution of gum dammar in 
benzol is recommended. The varnishing should be done by pouring a small quantity 
in one corner and then gradually tilting the plate to allow the varnish to flow through¬ 
out the surface, after which the surplus varnish can be drained back into the bottle. 

The brilliancy of a color plate can be increased by intensification, and for this 
purpose the Agfa mercury intensifier put up for the purpose will be found very con¬ 
venient. Intensification, of course, should be done before varnishing the emulsion 
of the plate. 

If the original exposure of a color plate has been too great, the final result will he 
a thin positive after the reversal, and conversely, if not enough exposure was given 
originally, the final positive will be very dark. In the previous case some correction 
can be obtained by the intensification method already described, wliile in the latter 
case, some kind of compromise could be obtained by reducing chemically the final 
positive. In general, however, the reduction of the color plate does not lead to suc¬ 
cessful results, and it is best to control the original exposure by correctly iiieaauring 
the light value by means of an exposure meter. 

Lum/iere Autochrome Plates and Filmcolor .—The Lumi^re Autochrome plates and 
Filmcolor can be processed in the same type of developer and reversal bath as r(^<H)m- 
mended for the Agfa color plate. 

The manufacturers, however, recommend the following chwcloixu- as llie niost 
suitable: 


Distilled water. 1000 ee. 

Metoquinone (quinomet). 1 5 

Sodium sulphite (dry). 100 (r. 

Ammonia (sp. gr. 22® Baum6). :-i2 c<\ 

Potassium bromide... 1 (i g. 


For second development it is recommended to use an Amidol dciV<'lop(u- of ilio 
following composition; 


Water. 50 

Sodium sulphite (dry). 1500 g. 

Amidol (Diuol). 2*2 K- 

Intensification can be carried out with mercury intensific^r. The Lumiere Auto¬ 


chrome plate also can be varnished with gum dammar as described ])n‘viously, 
although this is not necessary with color film. 

It is possible to make color-separation negatives from Agfa color plates as w(>ll as 
from Lumiere color plates and film, and for the purpose very shai’p filt(n-s should lx; 
used. The most suitable are the Wratten filter Nos. 29, 61, and 50. In g(uun-al, how¬ 
ever, the results obtainable by using color screen plates and film as originals do not 
approach in the least the results obtainable by making color-sej)aration m’!ga.l,ives 
directly from the original subject. 

Dufaycolor Film .—Of late Dufaycolor film has come mto prominent usev This 
film is made up essentially in the same manner as the Lumiere Filmcolor with the 
exception of the color-filter elements which consist of a geometric patt(u'n of small 
squares of the three primary colors, upon which is the regular panchromatic enudsion. 

In the same way as the color-screen material previously described, the Dufaycolor 
film requires special compensating filters when the exposure is made with various 
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light sources. The processing also is carried out in an essentially similar manner; 
i.e., first development, followed by a bleach, and a second development. 

For the Dufaycolor film the following method of processing is recommended; 

First Developbr 


Water. 100 cc. 

Metol. ][ 

Sodium Hulphite (dry). 50 g. 

Hydroquiuone ... g g^ 

Sodium carbonate (dry). 35 g. 

Pota,8vSium bromide. 5 

Potasnium thiocyanates. 9 g. 


The time of development may va,ry from 4 to 6 min., according to the amount of 
exposure, at about ()8®F. 

After a brief rinse in water, the Dufaycolor film is passiid into a bleaching bath 
made up as follows: 


Water. 1000 cc. 

PotaHHium bichromate. 5 g. 

Sulphuric acid (commercial grade of Hp. gr. 1.87). 10 cc. 


The bleaching will be completed in about 4 min., after which the film can be given 
a bijiof wash for about 2 min. and then immersed in a clear bath composed of 


So<lium liiHulpluto. 25 g. 

Water. 1000 cc. 


This immersion lasts for about 2 min.; the film is again washed for 2 or 3 min. 
The purpose of tlu^ ch^aring bath is to remove any yi'llow .stain of potassium 
bichromate. 

After tlie film has becni immersed in the bleaching solution, tlu; whiter light can be 
tunned on a.nd the bl(vu4iing (unnjiUdi'd in diffusc'd wliitc light. 

For s«M'ond (levelopnumt any MQ developer (^an be used, the following being 
recommeiuh^d; 


Wiit.(»r. 1000 cc. 

M<d.ol. 1 jr. 

Sodium Hulr)hit<(* (dr.\0. 50 g. 

Hydr<)<iuiium<'. 5 g. 

Sodium carboruvt.(‘ (dry). 20 g. 

PotaHHium br<>nud<*. 1 g. 


l)I(qiching of ilu" (ilu) nui 
iujuigiuijit(’; in.sioa.<l of hic^hronuitc'. 


1)0 ojirricul onf with a, solution of pot-a.sKiuni por- 
'Tlio Following is a, suit,aJ)l(^ solution: 


Wat<M*... 1000 cc. 

PotdiHHium pcMunaiiganat. 0 g. 

Sulphuric a<'id gravity 1.S7)... 10 vv. 


''rh(^ l)l(\a,(‘hing in ptu'nuingniiat<\ how(nqn% must ))<‘ pHuauhal l)y a. l)ri('r trcuii-uKuit 
in t.hi' Following lianhuung hat h to jivoid Frilling: 


Water. 1000 cc. 

Poi'iiialin (40 ' o ). 2H c(‘. 

Sodium hydroxidt'. 1 . 5 g. 

Sodium Hulphatt'. 150 g. 


(*xp()snn^ to light, aftcu’ hhumliiiig (um ^)(^ doin' wit h in('.a.nd(hS(*('ut light insliaul 
of difT\is(': daylight. Oin' ininut(‘. of <'iXf)osnro lit ii distarun' of 12 in. Froina. lOO-watt 
lamp will Ix' found sidhoicnit.. 
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The exposure to white light can be omitted if the second developer is replaced by 
the following chemical reversal bath: 

Water. 1000 

Sodium hydrosulphite. 14 #?. 

Sodium bisulphite. 10 g. 

One minute of treatment will be sufficient. This bath does not keep a.nd it must 
be made up just before use. 

Following the second development or reversal the film must b(^ again waslu'd for 
2 or 3 min. and fixed in a hardening bath made up as follows: 


Water.*... 1000 va*. 

Hypo. 3()0 ^ 2 ;. 

Potassium metabisulphite. 12 p:. 

Dissolve separately: 

Water. 1000 

Chrome alum. 10 pc- 


This should be added to the first solution. Fixing should bo followed by a final 
wash for about 15 min. 

Dufaycolor film also can be intensified and reduced. The, following mercury 
intensifier is recommended: 


Water. 1000 rr. 

Mercury bichloride. Of) 

Ammonium chloride. 50 # 2 ;. 


The film should be left in this bath tmtil entirely white. This rocpiiros 3 or 4 nu'n., 
followed by washing in running water for about 15 min., after which the (umilsion 
should be blackened in a solution as follows: 


Water.. 1000 

Sodium sulphite (dry)... 50 


The action of the sodium sulphite can be stopped when the right. degi-e(* of intensi¬ 
fication has been obtained. 

A suitable reducing formula for Dufaye.olor film follows: 

SOLtTTION A 


Water. lOOO (.<•. 

Potassium ferricyanide. *10 

SoLUTioisr B 

Water. lOOO 

Hypo. 200 m. 


For use take equal parts of A and B and dilute with 10 inirts of wn.t.(n-. After 
sufficient reduction, the films should be thoroughly washed in running wnttn*. 

Although it is satisfactory to intensify the Dufaycolor film t.o inerc^asc^ the bril¬ 
liancy, the reduction is not recommended, and it is best to calculate the origimi.l (‘xpo- 
sure correctly by means of an exposure meteor. 

To make color-separation negatives from Dufaycolor film for color prints on pjipc'r 
by any of the subtractive processes previously described, sluirp cutoff filters must. Ix^ 
used. The filters recommended for this purpose are the Dufay sepa,ra,t.ion filtcu'S, 
although satisfactory results can be obtained by using for the red the Wrattxm 25 plus 
33; for the green Wratten 52 plus 58; for the blue Wratten 34 plus 47. 

Very satisfactory duplication of Agfa color plates, Lumiere Autcxdiromc^ plates ;uk1 
films, and Dufaycolor films cannot be made. When an original stibjo(‘t is to be photo- 
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graphed with the idea in view of making several duplicate color transparencies, it 
is best to resort to another color process which permits any number of duplicates to be 
obtained. This is the Finlay color process. 

Finlay Process .—^The Finlay color process is identical with the previously described 
screen color plates with the exception that the color-screen elements are independent 
of the panchromatic negative emulsion and are carried to a separate glass plate (taking 
screen) where the color elements are disposed in geometrical pattern in small squares 
similar to the Dufaycolor film. The usual procedure is to place the color-taking screen 
in contact with the plate carrying a panchromatic emulsion and expose the two 
together in an ordinary camera with the glass side of the taking screen toward the 
lens. The contact between the taking screen and the panchromatic emulsion must be 
fairly good, otherwise diffusion and poor color results will be obtained. 

Suitable panchromatic plates for the above purpose are manufactured by Ilford in 
England and by Eastman in the United States; they are marketed as a special Finlay- 
Ilford panchromatic plate and Finlay-Eastrnan panchromatic plate. Suitable com¬ 
pensating filter's for different types of lights are also available with this process. 

After exposure, the panchromatic plate is removed from contact with the color- 
taking screen and developed in the usual manner. When examined with a magnifying 
glass, the developed negative plate shows an image broken np into very small squares 
very similar to the usual photomechanical process screen used for half-tone printing in 
book illustrations. 

If now a positive transpareruiy irlate is placed in contact with the negative and 
print(Kl under artificial light in intimate contact in a printing frame, the positive image 
that is obtained will also have the imago broken up into minute squares, just as the 
original. 

To reproduce! the origitial <!()lors, th<! positive phtt<! is now phuiod in intimate con- 
Ijict with a positive vi(!\ving s(!r(!en of V(!ry inii<!h siinihir (!oinposit.ion to the original 
color-taking screvn and having color elements of exactly tin; same size as the original 
colc)r-t?iking siT! re<*n. 

Th(! op(!ra,ti<)n of r(!giHt(!ring the pf^sitivc! plnt.e with the positive viewing scre(!n 
r<!ciuireK a litthj ('xpcri('nc(!, but it represents no grea.t diflicnlti<‘s. Wh(!n satisfac!tory 
registration has Ixhmi obtaituvl, as (hqiicted by natural colors showing up satisfactorily 
by transmitted light, tlui two Jire pennaiiently l)()nncl tog<'th(!r. 

It. is obvioiis that a.ny iminhc'r of positive prints (!ati be obtaim'd in this W'ay from 
the original lugiitive on ordina.ry jjositive plates, ea.eh of wbioh i!an be assoinhled 
log<'th('r with its own vi('\ving s<!re('n, assnring identical n'sults. 

TIh'ih' arc! <!('rt.iun d<!finit.<' advn.nt !ig<!S with th<'. h'inlay color procioss as eoinpare<l 
with the ot.lu'r a.(lditiv(! })ro(!ess a,lr('a<ly d(!Kcril)(!d. Thes<! a(lvaritag(!s consist, mainly 
in the fju!tH tha.t the n<!gat ive ('niulsion is a, standard ])ai»ehrottia.t.i(! ('mulsion of very 
hif!;]i gradafiot) a.inl an a,pi)r(!(!ia.l)1(' la.t.i|.u<l<! of exposure is pennissihh! simie onc! is not 
eoiK-erned with tlu! amount of emulsion left un('xj)OH<!(l, this l)nlane,<! of (!inulsi<)n not 
being list'd to r(!prodne<! a, posit ive by reversal im'ttuxls. 

For th(! purpose! of (!otor repn)diH!ti()ii on pap<!r, eolor-separal ion nt'gat.ives from 
tlu' Finlay color Iranspa.reney can Ix! math' up also by rophotogra.i)liing th(! trans- 
pa,I’oiuty t.lu'ough slnirp st'jia.ralion lillt'i’s such as the \\ ra.l,t(!n Nos. 21), 50, and til. 
Ilowtwt'r, t.ho most, satisfaet.ory mol hod ('onsisis in utilizing a. s|)<'eia,l blo(!king-<)iit 
s(!r(!(!n maimfa.(!tun'd ('xclusively for thc! purpo.se of iiluilomeehaideal ropro(lu(!iion, 
wiihont, any a.ddit.i()na.l usi' of color-separat ion lilt.t'rs. Two of t liesii blo<!k-oid. filters 
are a,va.ila,ble. Oix'of t.h<! seret'os is list'd ftir both the rt'tl anti t ht! blue printer a,nd the 
otlu'r l't)r the yitllow printer. 

lieeause of hi'tler ('inulsitm tpialilii's pt'i-ndIt.etl with the Mnlay t!t)lt>r prt)t!t'ss anti 
t.he use of hlot!k-t)nl. sert'cns. etilor rei>rt)(iuelion on paiitir from this proiiess can be 
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obtained of a quality superior to that of the other screen plates and film on the market. 

The only disadvantage of the Finlay process is in the fact that the individual color 
elements are fairly coarse, equivalent to about a 175-line half-tone screen. 

With the Dufaycolor film, Lumi^re Autochrome plate and Filmcolor and the Agfa 
color plate, a slight degree of enlargement in reproduction is permissible before the 
broken-up structure of the image begins to show up. With the Finlay process, how¬ 
ever, this is not permissible as the 175-line half-tone dot formation is just small enough 
to be invisible when viewed at normal distance, but any slight enlargement would 
show up the screen immediately. 

The processing of both the negative and positive plates for the Finlay process is 
best carried out in the developers recommended by both the Eastman and Ilford com¬ 
panies for their negative and positive material. 

Color Cinematography. —The successful production of color transparencies by 
both the additive and subtractive processes has led to a great variety of attempts 
to apply these processes to motion-picture photography. The degree of success along 
this line of activity has been rather limited. 

While the additive process is in itself the simplest, from the laboratory standpoint, 
since the film does not need to be colored, it is nevertheless the least successful from th<'- 
standpoint of photographic and projection requirements. The reason lies with the 
difficulty of producing three separate images side by side through the same optical 
system free of parallax, which is unavoidable in multiple optical combinations. Simi¬ 
lar optical systems must be also employed in projection, which means low light 
efficiency caused by the necessity of splitting up the total light source into thi’ee differ¬ 
ent components, each of which must be intercepted by the necessary piuniary 
filter. 

The various optical systems schemed out for the additive synthesis do iK)t lend 
themselves readily to the projection of ordinary black and white. This moans that 
the optical system must be changed during the transition period from c.olor-aclditivc’s 
projection to standard black-and-white projection. As a matter of fact successful 
optical systems which permit obtaining simultaneously three sharp images without 
parallax and within the narrow space demanded by the internal arrangcmient of a 
motion-picture camera, and also suitable for projection are not available as yet. 
Other systems which involve running both the camera and projector at a double or 
triple speed by arranging the three-color-separation negatives and positives one aff.or 
the other, are not practical, because they demand duplicate apparatus in theaters, 
unless such color systems coidd be universally adopted and made to supplant com¬ 
pletely black-and-white projection. 

Possibly the attempt nearest to success has been by means of the Dufaycolor film, 
which can be exposed through the ordinary camera and projected through the standard 
projector, except that in this case also, an adequate amount of light on the screen can 
only be obtained by both powerhil arc lights and extremely thin positive filnas. 
Within this class can also be included the lenticular type of film, based on tlu^ Keller- 
Dorian and Berthon patents, with the exception that this film needs an a-dditional 
projection filter, which, of course, could be (iasily swung in position in front of tlu^ 
projection lens when required. 

Most successful have been subtractive processes in which tlie color positive i.s 
produced either by dye transfer or by combination of chemical toning, dye toning, an<l 
dye transfer. 

The Technicolor process,which really is the only one being used to any great 
extent today, is based solely on the dye-transfer method by means of wash-off relied' 
matrices. The three-color separation negatives of Technicolor are prodiuuvl by a 

1 Ball, I. A,, The Technicolor I’rocess, J. Soc. Motion. Picture Engrs., Augu.st, 1935, No. 2, [>. 127. 
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combination of a bipack and a third separate j&lm. The light beam emitted from the 
lens is split up by a glass cube made up of two right-angled prisms cemented along the 
hypotenuse, this being slightly coated with a reflecting metal, such as gold or silver, to 
a definite reflection-transmission ratio. The lenses of a Technicolor camera are 
specially designed to work in connection with the prism block. The fact that the 
dyes have a slight tendency to wander and the difficulty of transferring three-dye 
images in absolute register by automatic means tend to make any process of this type 
not quite so critically sharp as black and white. In addition, one of the negatives is 
in itself slightly diffused, being the back negative of the bipack. 

Motion-picture film in color, by the combination of dye mordant and dye transfer, 
is ordinarily carried out by using a positive film coated with emulsion on both sides 
with the two most important colors, magenta and blue-green, printed back to back. 
Thes(i two-color iiiuiges a,re produced by first treating the silver images with a mordant, 
such as coppoY or iodine, thcui floating each side on the appropriate basic dye 
bath. Thc^ third color, yellow, is obtained by transferring a yellow dye to one side or 
the other, by men,ns of a wash-off relief matrix, in substantially the same way as is 
done with Tcudinieolor. Color-positive films by the Brewster and Cinecolor pro(i(%sscs 
arc^ somewhat along lines. 

Tlie positive l)luo image am also be produ(*-cd by strictly (^heini(*,a.l toning, smdi as 
iron toning dc^sc'.riVxHl bcvrorc; thc^ magenia (^an be prodiKani by dy(^ mordant, and the 
yellow l)y dye tra,nsfer. 

Ih'esumably, i-lie magemta. and blue-gr<'en images on the doublo-(‘,oated sto(^k (*.oul(l 
also b(^ |)ro(lueed by m('a,ns of th(‘ Chroma-tone toning prexasss, by first hloac^hing the 
complete film in tl(' nxl a.nd Chronuitone tomu’ A, and then floating eacdi side 

onto t h<^ a.ppro])riat(^ B toner. In this (*a.se also thc^ yitlow would have to be applied by 
t ninsh'r. 

Color imag<\s prodiuaMl l\v cluMnica.l toning or by dy<' niorda.nt a-re usually sharper 
tluin iinag<'s prodmaul l)y dye t ra.nshu*. Ilowc'ver, tln^ probhan of (M)rrectly printing 
tlK‘ {)a>rt.inl imag<\s in exact r(gist(U’ is <a)rninoii to both itu^lhods. 

V(u*y promising nre th<^ n(‘w tripa.c.k snl)t,ra.<*.tlve- films issinxl by h]a,st,ma,n Ivodik, 
undcM* tlu' tra(l(^ nain<‘ Kodachronu', and by Agfa., umhu- the na.nu^ lU’iW Agla.(a)lor. 
Th(' t.hr<'(‘ (unulsions in th<‘s<' t ripa.<dvs ca.nnot. Ix^ s<‘pa.ra.l(‘d. 

T'lu' colors in a, Kodacliroim' ( ripa.ck arc' int roduced ii^ (‘a,(*h lay(*r aH.(u* <l(w<d(){>m(uit 
by v(‘ry (daboratc* and <*a.r(d*ully (aHitrolU'd ojxM’a,lions, ddx' ik'w Agfa, (*olor film, on. 
ih(‘ contrary, has (nilxxlii'd in cac\\ layer ilie nondiffusing (a>lor fornxu-s. Wlx^i tlu^ 
film ivS d(*v(d<>p<xl in a. c<)upl(‘r (l('V(‘l<)p(U', t.h('s<M*olor lonmu’s {*(>ml )in<' with tlx'oxida-t ioti 
[)r()ducls of d(‘V(‘lopmcnl to form insoluble' dyexs. Th<^ muv Agfacolor is obtninahh' in 
bot h th(' n've'rsal a nd mga I i\’<'-posi( i v<' form. Wit h th(' r('V(M’sa.l t yjx' t he couphu* 
(l('V(dop<'r is us(*d only during llu' sex'oml dcuxdoj inxmt, while* with the* ne'ga.l i vevposii i vc^ 
t vp(‘ t he* colors in a n(‘ga li\'e a.re» produexal eluring t h(‘ first el(U'e‘le)f)m('nt, a.nd t he* ne'ga- 
t iv(‘ is subsexpie'n I ly fixeal a.nel clexaresl e)i t he* silve*r imag(^ d he* pe)sit ive is prexhuaxl 
l)>^ print ing t his ne'gat ive* e)n a. similar film, whiedi is again submit t e'd te) the^ aed-ion e)f a. 
ce>upl(‘r d(‘ve‘le){)(‘r folleuve'e! by fixing anel i-(Mne)va,l e^f the* silveu* image* as done* witli t.lu^ 
i i(*ga t i v<*. 

The* ne*w Agfae'oh)!* will pre)bal)ly be* available* in the* luture* tor nia.king ce)lor prints 
on pa()(U', as w(‘ll as e'olor me)t Ion pie*tur(*s, kittle* is knowfi at this time^ aboul^ the^ 
stability of the* (*e)le)rs produce*d by this e*he*mi(*al me'thexh 

The^ (‘omplu'a t <*d manurae*t uring prex*(*ss e)!* l»e)th the* Kodachrome* and n<*w Agla,- 
coh)!* might re*n(le*r t lu'sc* films tex) (‘xpe'iisive* I e>r ce)lor-[)osi t i\'(* mot ie>n~pi(‘t u re* r(*l(*a.S(*s 
at the* pr(*s(*nt, time*. It is thc're'fon* V(*ry lik(*ly that the* inime'diate* use* e)!’ th(*s(* filnus 
will lx* for the* |)urpe)S(* of r(*[)lae*ing the* nudtiple* n(*gativ<*s in the* i>r(*s(*nt me)tie)n- 
piedure* c.a.im*ra., thus p(*i'init t ing gre‘a.t.t*r spe*(*el a.n(l ex*e)ne)m\' e>l light. I he* redcase* 
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positive prints might then be made by dye transfer or a combination of dye transfer 
and toning. 

Another interesting process for making motion-picture prints in color is the 
so-called Gaspar color. With this process a special triple-layer positive film carries 
the corresponding dyes, which are destroyed afterward in a bleach bath and, to a 
degree, controlled by the density of the silver image. 
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CHAPTPm XXIII 

MOTION-PICTURE PHOTOGRAPHY 

By Carl JDreher 


Introduction. This chapter is hnuted to a description of iila.ek-and~whito pro¬ 
fessional motion-picture photography as practiced in the Unitefl States Aside from 
some design differences the same principles govern the art abroad, and since American 
practice is generally r(>ga,rded as occupying a loading place, it has not been judged 
necessary to include data on such national peculiarities as exist. 



Fig. 1 . ""< %H’l’clat i<)n ol pirl,urt‘ iitui rtoiuui. 


AiioIIhm' linut nJ ion I'xcludos I lu* 1 (in(*n 1. of souiul rtM'ordiiiji;’ I>y j)li()ii)j>;ra.phio 

nH‘t.lio<ls, l)ul n.s by la.r I li(‘ p;r(»a t (a* pari oi prol (‘ssiotia.i niot iori-pii*! u is now 

n,ss(>(‘iat<‘(l wil h soiitnl t racks, t lu'corn'la.t ion oT action and sound r(M*ords will bo hriidly 
<l<^sorib(Hl In s<un<M*as<bs, as i?i cortaJii typ(;s of m^wsna^l work and the production 

of sound pi(dur(‘s in loca,t.ions wlnu’C! fiortabilil.y of CM|uipuiont is (‘ssend ial, sound and 
soono are siinultaruMnisIy rocordod on ono film, but the usiuil praadJeo, illiistruted in 
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the block diagram of Fig. 1, involves separate, synchronously operated equipiiients 
for recording picture and sound, resulting in two negatives, from which separate 
prints, known as “dailies” or “rushes,” are made for studio viewing and editing 
purposes. These dual prints are run on synchronized picture and sound projectors. 
For exhibition, however, the sound and picture negatives are printed on a singfb 



Tiu. 2.—Standard film dimeusious. {('ourtesy of Academy of Motion, Picture Artu and 

Sciences.) 


film, known as a “composite” or “movietone” i)rinl, and shown by m(>a.n.s of a. com¬ 
bined picture and sound projector. 

The standard dimensions of a composite 35-mm. print of this type: a,pp('a.r in Fig. 
2. The camera aperture dimensions, it will l)e noted, a,re 0.868 liy 0.631 in. Th(> 
projector aperture is sufficiently smaller (0.825 by 0.600 in.) lo prev(mt sliowing the 
frame lines in projection. The latter dimensions tliereforo represemt t he working area, 
of the camera field or that portion of the photographed scene which will be shown in 
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Fia. 3.—Division of the spectrum iTito five (U)lor.s. 


the theater. The 4:3 ratio of frame width to height has Ixsen found to be sat.isltud.ory 
from an aesthetic standpoint. 

In theater projectors the pictui-e head is located al)ove the sound h(^a.d, hence, for 
synchronism, the sound must lead the picture by an approjiriate dist,a,n<^e along the 
film, which has been fixed at 18 frames. This displacement is effected in the printing 
operation. 

Since sound is recorded at a standard speed of 90 ft. per min., corresponding to 
24 frames per second, both photography and theater projection must adhere to the 
same speed. Higher or lower speeds may be employed in photography, as for slow- 












MOTION-PICTURE PHOTOGRAPHT^ 


GG5 


motion effects or to give the effect of accelerated movement in. chases, etc., but in 
either case sound cannot be synchrono\,isly recorded; hence the track must later be 
adjusted to the picture. Silent pictures were usually photographed at IG frames per 
second, but markedly superior rendition of motion is secured at the present standard of 
24 frames. 

Films and Film Characteristics.—Before proceeding with a discussion of motion- 
picture films and their characteristics it is well to have in mind the division of the 
visible spectrum into five color areas, as shown in Fig. 3. The numbers at the bottom 
of the diagram represent wavelengths in millimicrons (one millimicron equals one- 
millionth of a millimeter, or 10 Angstrom units). For a practical understanding of 
the spectrographic aspects of the subject the reader will frequently find it necessary 
to correlate the data presented, both here and in later sections of this chapter, with the 
color divisions of Fig. 3. 

Negative Films .—The types of negative films now used in 35-mm. motion-picture 
photography are developments from older and simpler forms, lief erring to the wedge 


Ordinary ” 

blue-sensitivn material 


Orthofdiroinat i(^ mat erial 



PaiKdiromatie rnatf'rial 



Fkj. 4.—Spectral aeiiaitivity of throe types of photographic material for daylight. 


.spectrograms^ of Fig. 4, the top one repre.sonts an “ordiiuiry ” g(4iU iu-silvor bromide 
(Miuilsion, with sensitivity at a ma..xinmm in the blue rc^gion a.n<l (^xtemding on either 
.side into t.he viohd. and t.he l)lue-gre(m. Hy t lu; aiddition of scmsitfzing dy(^s it IxM^anio 
pos.sible to extend the pliotograpliic r(?spon.s<^ int(.) the grecsi a,nd yellow, giving th(i 
somewhat oi)tinu.st.i(‘.a.lly nanuHl “ortho(diroma.tf(*, ” t.yp(; of emulsion showTi in tlu^ 
center spectrogram. The lathvr ma.teria.1 would obviously r<>nd<u- ( bc^ vjirious hues of a 
scene in a more nearly cornvd, gray sea,l(‘, than th<^ "ordinary” emulsion. Ortho- 
chromatic materials were gcncirally u.scid in Tnol.if)n-pi(‘,tur<i photography until a,bout 
1927, when the admixture of ot her dyes r<\sult.(ul in rivi sensit ivity, t liertdoforo lacdcing. 
This produced what is known as ‘‘panehroina.tie. ” film, whi(di, as shown in th(i bottom 
spectrogram of Fig. 4, is .sensitiv<i throughout t lu^ visible .sp(>ct rum. 

More recently the principal advaTJc.es in lU'gat.ivci film materials ha,v(' been in the 
direction of a marked increa.s<; in .spt'ed and a. nMluctlon in gra.inine.ss. Since 1933 
the spee<l of negative matcu-ials has b(Mm inerea,.sed fully fourfold, t hus t.cuuling to relieve 
the cameraman of the fear of underexpo.sun^ giving bed t (U' detail in t he shadow.s, and 
affording the laboratorie,s grt'ader dcivelopnnnd. lat itude. At tlxi sa,m(^ time ea,n»era- 

1 Wliile. we<lg« Hi)ectrop::rainH do not give abwoluto vnhma of nixM'tral soiiMitivity, thoy are UHo.hil for 
purj^OHos of qualitative compariHoii. 
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men have been enabled to reduce lighting or to stop down lenses and improve depth of 
focus—an opportunity of which not all have taken advantage. 

Reduction in grain size has entailed the use of appropriate developers, especially 
those of the borax type. As will appear in later sections of this chapter, improvements 
in lighting and chemical treatment have accompanied improvements in sensitive matc- 


Eastman Motion Picture 
Negative No. 1201 




Daylight 


TuugHteii 


Kastman Background X 
Negative No. 1230 




Daylight 


TmigHteii 


Eastman Super XX Pan¬ 
chromatic Negative No. 
1232 


Eastman Motion Picture 
Positive Nos. 1301, 1359, 
1355 and type B, 1302 



Eastman Duplicating 
Negative. Regular No. 
ISOli and l'’ast No. 1505 



'Pungs i<*n 


Fig. 5.—Wedge spectrograms for Eastman motion-i>ictiiro films. 


rials throughout motion-picture history, and if further progress is lirought- about in 
materials, it will no doubt be reflected in the associated fi(dds of exi)(>sur(^ and 
processing. 

A discussion of motion-picture-film characteristics will liavo only acaxhanic interest 
unless it deals with actual materials availalfle in the market. For this naison raw 
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stocks supplied by the Eastman Kodak Co., the Agfa Ansco Corp., and the DuPont 
Film Manufacturing Corp. will be named and described on the basis of data on 
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Pig. 6A.—2>-logio E curves of Eastman duplicating negative. Past No. 1505 (ortho- 

chromatic) . 
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Pig. GA,—Time-gamma curve of Eastman duplicating negative. Past, No. 1.506. 



Fig. 7.—^H-logiojE7 curves of Eastman Background X Panchromatic negative No. 1280. 


typical films. Tn addition to spectrographic information these data include—for 
each film—Hurter-Driffield curves of density against the logarithm of the 
exposure and curves showing the variation of gamma with development tmie. 
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The wedge spectrograms for Eastman motion-picture negative films, together with 
certain positive films to he described later, are found in Fig. 5. Except in the ease of 
duplicating negative and all positive films, which are used only with artificial light, the 



Fig. 7a. —2)-logio E curves of Eastman Plus X Panchromatic negative No. 12;il. 



Fig. 7B. —Z>-logiii E curves of Eastman Super XX Panchromatic m*ga.(.i\'o No. 1232. 



Fig. 8.—Time-gamma curves of Eastman Panchromatic nogativos. A, Plus X No. 12.31 ; 
B, Background X No. 1230; C, Super XX No. 1232. 

wedge spectrograms for both daylight and tungsten exposure an^ given, la,( t<‘r being 
affected by the greater proportion of red and yellow light. For the duplicnal ing an<I 
positive materials, since they are required to reproduce only half tones, tlu^ color 
sensitivity is confined to a relatively narrow band. 
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The />-log E and tiine-gaiiima curves for the Eastman negative stocks are given in 
Tngs. 6 through 10. Each figure contains two graphs; the Z)-logio iS' characteristics 



Log Exposure 

{)A. —7J)-logio E curves of Eastman duplicating negative, Regular, No. 1603. 
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Ei<!. 9/f. Tiiiie-gnnmui curve of Eastman duplicating negative, Regular, No. 1503. 



2.25 1.25 0.25 125 

Log Exposure 

Khj. 10.1. />-logni W curves of Eastman motion-picture negative. No. 1201 (ortho- 

chromatic). 


and (he (irne-gainina, ciirv<i. In all cas<^s dcvclopnient was in an Elon-hydroriuinonc- 
honix developer (Fonnuhi l)-7()), the (mnposition of wliich is given under Eaboratory 
I’ra.etiee in this (jhapter.^ 

' Since the time of development for n given Kiunina is influcnoe<l by such factors as tein|)orature and 
eij^gree of agitation, all tiino-gamrna curv<jH sho-wn are accurate oidy for the conditions under which they 
w<iro (nude and would var.v somewhat in other laboratories. 
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The Agfa Ansco Corp. likewise supplies a full line of motion-picture films, including 
panchromatic, fine-grain background, title, and infrared negatives, and a positive 
raw stock of standard characteristics. To avoid additional duplication, only the 
two most important Agfa films are illustrated (Figs. 16 and 17). 'Ihese are fast, 
fine-grain, double-coated panchromatic negatives, Nos. 153 and 356. A slower 



Fig. IOjB.—T ime-gamma curve of Eastman, motion-picture negative No. 1201 (ortho- 

chromatic) . 
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Fig. 11/i.—Timc-gaiuinu curve 
of DuPont typo 112 negative (ortiio- 
chromatic). 



Fig. lie.—Spectrogram of DuPont type 112 orthochromatic negative (daylight). 

panchromatic negative, Superpan No. 154, is not shown, but i.s iiudmlod wii.h 153 
and 356 in a table of filter factors for Agfa negatives. (See Exteuvior Idiotography 
and Filters, below.) 

The characteristics of the corresponding films supplied by IluPont are shown in 
Figs. 11 through 14. In these figures, however, the wedge spectrograms iiecoinpaiiy 
the graphs. Development of these films took place in the ND-2 developtT, the (com¬ 
position of which is given in Laboratory Practice. 




0 0.6 1.2 1.8 2.4 3.0 

Log Exposure (rela+iVel 

Fig. 11 a. —D-logio E curves of DuPont type 
112 negative (orthochromatic). 
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1 ^ above films are in general self-explanatory in the light of wliat has 

K.tn s<ii< picviously about ordinary, orthochromatic, and panchromatic emulsions 

I hrv n l_TAi 1 --1 * t 


.1 he special-purpose emulsions, however, 
require additional comment. These com¬ 
prise the duplicating negatives (Eastman 
1503 and 1506; DuPont 107) and the back¬ 
ground tiegative (Eastman 1230). 

The latter is used in making “keys” or 
‘ ‘ plates ”lor process photography (see Process 
Idiotography). Usually these represent out¬ 
door scenes, such as streets with traffic or 
boditss of watcur, which are rear-projected on 
a. translucent sc'.reen and rephotographed in 
(H)ml)ina,tion with, foreground action. For 
siudi a inirpose it is dosiral)le to utilize a 
negalive having about the same color 
characd.eristics and latitude as standard 
nega.tive, but of t^xtremudy fine grain, since 
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Log Exposure (relative) 

Fig. 124L.—Z>4ogio E curves of DuPont 
panchromatic negative No. 116. 


^iajniru\ss is one ot the principal obstacles to effective use of process backgrounds. 
T!i(‘ tiiuniesK of grain is secured at some sacrifice of speed. The contrast of back! 



hui, 127 :?, - TiiiU'-gjimina cur\"o of DuPont panchromatic negative No. 116 . 



Vi<K 12/7. — Spet^t rograin of DuPont i)anchr()matic negative No. 110 (tungstcMi), 


ground nc'gaiivc^ is high (MU)ugh to (*<)inp<uisn,t(^ for losses and stra,y-light int(u*forence 
in projection, bjutvground n<‘gat.iv(^ heing <l(^v(‘lo[)(ul for tlu^ sattn* time as 
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standard negative, a higher gamma results, and the background print, when developed 
to the regular positive gamma, provides the higher contrast desired. 

Duplicate negatives are made for protection against loss of the original negat ive or 
excessive wear on it, for release printing in foreign countries, for optical printer troat- 



0 Q6 12 18 2.4 3.0 * 3.6 

Log Exposure(relai+ive) 


Fig* 13Jl. —D-logio J?/ ‘ curves of DuPont 
Superior panchromatic negative No. 100. 



Fig. 13B, —^Time-gamma <vurve of DuPont 
Superior panchronialic negative No. 100, 



Fig. 13C. Spectrogram of DuPont Superior panchromatic negative No. 100 (daylighi.)* 



meat etc. The procedure involves printing a master posh.ivo oti spcH-ial stock, From 
which the new negative, likewise on special stock, is made. The a,pprov(‘d du})licn,l ing 
ec nique involves operating at a relatively low negative gamma, (O.f) to ().(;) and a. liigh 
positive gamma (1.8 to 2.0) to avoid excessive negative grain. (The n('ga.tiv(. mate¬ 
rial IS susceptible to gram with higher gammas, while the positive' grain rmnains n^la- 









, type 107 (tungsten). 


of Agfa Supreme panchromatic negative 
153. 
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red negative, type 105 (daylight) 
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Fig. 15J5.—Time-gamma curve of DuPont 
infrared negative, type 105. 
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tively constant.) The negative-duplicating emulsion contains a yellow dye, which 
dissolves in development, to increase resolving power by controlling light scattering, 
extending latitude, and holding down maximum contrast. Like the background nega¬ 
tive, the duplicating negative must be of extremely low grain. The speed is sufficient 
for optical printing, in which the light reaching the unexposed film may bo considerably 
less than in contact printing. 

By reason of refinements in materials and processing, the quality of releases prints 
from duped negatives has been raised to a point where it is often indistinguishable from 


iPiG. 165.—Spectrogram of Agfa Supreme panchromatic negative No- 153 (tungsten); 




Fiu. VIA. —D-logio E and time-gamma curves of Agfa Ultra-speed panchromat ic, nega¬ 
tive No. 356. 



Fiu. 17B .—Spectrogram for Agfa Ultra-speed panchromatic negative No. 35<) (t.ungHt<Mi). 

that of prints taken off original negatives, in spite of the fa,c.t that tin' <hip<'(l ncgtvt.ivc 
accumulates the defects of three different processings. 

Another type of negative differing markedly from pa,nchronia,tic. is tlie itifriinnl 
sensitized form, the processing and spectral charac.tca'ist.ic.s of whi<di a,r(^ givcai in Fig. 
17. The composition of the emulsion, it will be noted from tin; speed rograni, is such 
that the film is blind in the green-yellow region, the response being (lonfiiuid to t he 
red and infrared and, at the other extreme, the blue. Such emulsions arc useful in 
penetrating haze, but, more frequently in cinematography, they are employed to secure 
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night effocte in tho daytime. It is only necessary to use a light-red or orange filter to 

lo c ^cic c 1 le 3 lie radiation from the sky, which then photographs dark; while green 



Fiu. ISyt.—D-losio E curves of Eastman positive film, No. 1301. 
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Flu. l.S/^.—Tinie-Kumma iiurve of Eastman positive film. No. 1301. 

l<)lin,j»;e, reflcHiting red and infrared to a considerable extent, appears as though bathed 
in inooidight. The speed of the latest infrared emulsions is not markedly less than 
Hint ol standard negative nor is the contrast much higher. 
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Fig. 19a. —D-logio E curves 
of DuPont positive film, No. 


Minu+es 

19B- —Time-gamma ctii-ve of Du 
Pont positive film. No. 213. 


Fig. 19(7.—Spectrogram of DuPont positive film No. 213 (tungsten) 
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Fig. 20A. ZD-logio E curves of Eastman duplicating positive No. 1355, 
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Modem motion-picture negative film is generally manufactured with a gray back¬ 
ing or base to reduce halation. The principal cause of this defect, which manifests 
itself by halos surrounding bright lights in the scene, is reflection of light from the base 
back into the coating. While films having a thm base are less liable to this trouble 
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2()/i.—Timc-fftimma curve of Eastman duplicating jxisitivc, No. 1855. 
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tbaii plates for a, giv<si si/.<^ of iinug*^, ( h<‘ mot i<)ri-j)i<rl ure lra.m(^ si/x^ is so small that th(^ 
«vl’fec.t is disturbing with ji, ch'Mr l)ns<‘. gi'ay ba.sc; pi'ovidc^s nii (v[f(ictivc rcimed.y* 

Soinctinuw 1 liis prtwcmt ivt^ hvyc'r is in 1 c'r]>os(^d IxdAvemi tlu' hnsc and ih(^ emulsion. In 
cither (r;i.s(' it. nu'rely recjuires an in(U’e;ase of I l>o 1.5 points in printing. 
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Positive Films .—Release prints are made with relatively slow-speed high-contrast 
fine-grain noncolor-sensitive emulsions. The spectral characteristic of the Eastman 
1301 type has already been shown in Pig. 5. The D-logioE curves and the time- 


2.60 
2.40 
2.20 
2.00 
1.80 
1.60 
I 1.40 

I 1.20 
1.00 
0-80 
Q 60 
0.40 

0.20 
0 

0 2 4 6 8 10 12 

Minutes 

Fig. 2QD, Time-gamma curve of Eastman duplicating positive No. 13(>2. 
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Fig. 21^.—X>-logio E curves 
of DuPont duplicating positive 
No. 204, 




Fig. 2175.— Tirno-gamm a, curve of Du¬ 
Pont duplicating iiositive No. 204. 



Fig. 22^. Spectrogram of DuPont duplicating positive No. 204 (tungstdai). 

gamma cuiyve are illustrated herewith in Fig. 18, and the same (dniracd erist icH for ( In^ 
corresponding DuPont positive, together with a wedge siiectrograin, appear in Fig. 19, 
The former were obtained with the D-16 developer, the latter with the PD-2 devcdojxu’' 
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vides a high-gamma duplicating positive (No. 204), shown in Fig. 21. Duplicating 
positives are usually distinguished by a lavender base. 

Cameras and Their Operation.—A motion-picture eamera is essentially a mecha¬ 
nism for driving film intermittently and exposing successive frames while the film is at 
rest. Its basic elements are shown schematically in Fig. 22. An unexposed roll of 
negative is carried on a freely revolving core on one side (left) of a film iiuiga/inc. 




Fio. 2AB .—Detail of camera parts (film movement moeh:!nism). 

The usual amount of film in such a feed roll is 1000 ft., althougli 400-ft. magazines are 
also furnished. The him is pulled down through a light trap by a, sprockcd. wlna'l and 
its associated guide rollers, whence, in the form of a loop, it is (a».rri(Ml to a,ml lu'ld flat 
in a gate behind the lens. Returning to the other side of the sprocket wlu'cd, it is 
finally wound on the take-up roll (right), the core of whi(rh is tension drivcm, so that 
as the diameter of the roll increases the rotational speed is i)roportionately diminislu'd. 






Mo T ION-PI a T URE P HO TOO RAP IIY 681 

The motion of the film is continuous from the feed magassine to the sprocket wheel 
and remains continuous on the wheel and later between the wheel and the take-up 


Vm. 2(). - lOxlernal view of eamora, loft side- 

roll, but in (hw' it. must, 1)(‘ drivcnn int.(u*niitt(‘ntly so that it may be at rest during 

tlu' p(U'i<)(Is of (^xposun^ Tlu^ in((‘rmittcait nuHduinism is shown schematically as a 
<*la w actua t cHl by a <^a,m. Tlu^ a It (‘rmition of movcmunit n,nd rest requires a revolving 


Fi(j. 2n,.I'^xlernal view of camera, right (oi^erating) side. 
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shutter, shown between the lens and the gate, to cut off the light during the period of 
motion and admit it again during the “dwell time” when the film is at rest and exposed 
to the light. As pictured in the diagram, the shutter is ctxtting off the light, its opaque 
sector being between the lens and the film. 

The sprocket, the intermittent mechanism, and the take-up ai-e driven through 
suitable gears by a motor, usually of the synchronous a.-c. type to permit interlocking 
with the sound recorder and the accurate maintenance of synchronism at the required 
90-in. per min. speed. 

The operating elements of the camera being understood, reference to Fig. 23 will 
identify the principal parts of an actual professional camera. This happens to be a 
Bell and Howell model, this company and the Mitchell Camera Corporation being the 
principal manufacturers of such equipment in the United States. The lens mount and 



Fio. 27.—External view of Twentieth Century-Fox .silent camera. 


motor are absent from the photograph, a hand crank being in phico of the la,( t<'r. Tlie 
shutter assembly is at the exlrcine h^ft, the gate, the interrnittcmt mc'cduini.siti, ;u»(l lb(‘ 
driving .sprocket with the va.riou.s guide; rollers l)eing shown successively to tlu; right. 
The magazine is mounted above. The path of the film may readily be follow(Ml. 

In Fig. 24 parts of the camera mechanism are shown in more detail—those iindude 
the shutter, some of the gearing, the sprocket, and the intermittent. It may b(' iinm- 
tioned at this point that, partly owing to the requirenK;nts of process photography, 
modern cameras are built with pilot-pin registrat ion mov(;ments whic.h k(;ep the film 
accurately registered even at speeds up to 128 pictures per .s(;eond. 

Figure 25 shows the camera complete, with magazine, motor, and lens mount, in 
an external view from tlie operating side. The take-up b(;lt shows in this figure. 
From this view it is clear that there is mxich more to a professional motion-picd.uix; 
camera than the basic parts so far described. In.stead of a single lens, four h'iis<'.s 
are mounted on a turret (right) in order to he easily interebangeahh;. A footage; 
counter will be noted at the left of the crank. Exposure bc'ing controlled both by the; 
aperture of the lens and the adjxistment of the shutter opening (0 to 170° in the model 
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shown), a dial and control handle are pi‘ovided for the latter. Dissolves and fades 
may be made in the camera manually or automatieally, the light being cut off or 
increased l:>y A^ariation in tlie angular opening of the shutter. These operations are 
more coinnionly done in the optical printer (see Process Photography). The prismatic 
magnifier used for focusing is just in back of the slot provided for focusing vignettes, 
iuid above the latter there is an exposure indicator plate. In focusing it is also possible 
to use an attachment, not shown in Pig, 25, whereby the film is used as a focusing 
screen, the image being viewed from the back by transmitted light. 

On the left side of the camera (Fig. 26) the view finder is mounted. This 
is equipped with mattes corresponding to the various lenses commonly used, defining 
the field for each lens. This photograph 
also shows a combimitiou sunshade, matte 
box, gauze carrier for diffusing purposes, 
filter (uirri(u’, Augmdte holder, and an iris for 
irising in or out ou any desircMl part of tlie 
])i(!ture. 

An interesting camera of rcuamt d<isign 
is the Twentietli Century silent model 
shown in Fig. 27, developed at the Twentieth 
Century-Fox Film stiidio in Hollywood. 

To datci this appea,rs t-o ])o the only eamei'a 
of domestics origin wliich may be used on 
sound stagexs und(U’ nonnaJ. conditions with¬ 
out some form of ^‘hlimp^^ or sound-insulat¬ 
ing (u>vering. The nuM^haJiisin has been 
sileiKHMi to a dc^gree where the cylindri(^a,l 
housing ii.s(hf pr(>vid<%s sufTiciemt insulation, 

Tlie motor of this carnera, drives dirc^^t to 
ttu^ sluitt(u\ Tlu^ speed with wbicli tlu^ film 
is m<)V<nl from frame to fnune has henm 
rculiKMul by about, 20 per ccait, the ac(Ht<UAa- 
tton is uniform, and i lu^ <lw(Vll time is so long 
t hat a, 2()0‘' shutt(‘r opcMiing may (unploy- 
(‘d. At i,h(^ monuait of (aigag(un<ait arid 
<lisenga,g<uu(Mit, th(' take-down pins lia.vc^ no Fiu. 2S. Hand (camera. & Howdl). 

vert,i<*a.l movaamait and go straight^ in and 

out, of th(' p(U’forat ions. All parts a.re sc'ahxl a.ga,inst dirt , sand, and wiiiov. Tlu^ 
l(Mis-f<)<*uHing s(*a,l(‘ is uniform for any f<><^a.l-l<Mig( h Unis, and by nutans of a, spcH'ial 
oi)t i(ai,l design imairiiorat ing aut-oma,t ic eonaad ion for focais and parallax, tlu^ vienv^- 
fhuhu’ imag<^ always conforms (o t Ih^ image* on t lx* film. 

In n(*wsr(‘el work small portable HrHinm. sikait, (*a,m<‘ras a,r<* oftcai us(m1. Hu\s(^ 
may b(* mount( m 1 on a tripod, as shown in f'ig. 2S, or Ixtd in tlx* ha.txls. Sonu* typ(*s 
luive a, singles hms, usually of bO-mm. size and spea'd //2,r>; others <*arry a. thr<H'-l(*ns 
turnd,, 'Tluy a,r(* driven by a. hand (uatnk, spring motor, or, l<‘ss oft,<n, by a,n (t<Mda'ic 
motor. 

Mot ion-piet un* l(ns(*s aw usually of larger ape^rt ure*, ranging to a, maximum of 
//1.3 in sonx^ sizes, ddx* most, frexpaadly us(*<l focal h'ugtlis are b<*t,w<Mn 25 mm. 
(1 in.) to 100 mm. (4 in,), alt hough sizexs uj) to 200 mm. are* often keqit, on hand. The 
l)ulk of t,h(^ work is usually eioiu* wit h 40-, 50-, anel 7r>-min. l<*ns(*s of about,//2.0 speed. 

Aelvanees in me>t ion-{)i(dnr<* lens design liave follovvcxl progress in the manufacture 
of film. As long as iuotion-pi(dlire* films were sensitive mainiy in the blue region, 
lenses were generally construct ed to acenrate focus for the blue F and yellow D PVaun- 
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hofer lines. As the spectral range of the film was extended, it became common 
practice to bring the blue G and red C lines to the focal plane. Other correctTion 
requirements have likewise become more critical. 

The so-called “zoom” lens is peculiar to motion-picture photography. It is used 
to give the effect of a moving shot with a stationary camera, by varying the foca.l 
length and the magnification during the shot. This is accomplished by rotating a. ‘ 
crank coupled with a dial indicating the focal length and magnification. In the Cooke 
type of zoom lens the range of focal lengths is 40 to 120 mm. at apertures of//8 and 
//5.6. At larger apertures the range is reduced. 

■Motion-picture cameras are usually mounted on rigid tripods, but for .moving shots 
a variety of types of dollies’^ are employed. One form, know'll! by the tra.de na.me 
Rotambulator, is shown in Fig. 29 with camera and operator in place. The jirirndpal 



Fig. 29.— Camera dolly (rotambulator). 


requites of a good dolly are ease, speed, and quietness of movement. Tlu‘ type 
illustrated may be fixed in position by lifting the platform off the wheels, t he phtt form 
^ lotated for panning,” and the camera table may be moved horizontally and 
tilted; convenient controls are provided for all these operations. 

For three-dimensional movement over wide ranges, camera cranes are ut iliz<‘d. 
borne of these are large, elaborate structures carrying two or three men in addition 
to the camera, with equivalent counterweighting to ensure fast and saf(‘ opm-atiou. 
f , pattern of shooting, derived from experience, is to start with a, long or 

ull shot, cut to a medium shot, and then to a close-up, in this way establi.shing the 
«cene and the characters and proceeding naturally to an intimate vantage point. Or. 

epending on the script, the opposite order may be appropriate in some (mses. 
rl. + n mclusion of field in motion-picture photography vary so widi^ly 

. at all one can say is that anything is possible and almost everything has Ixurn trietl 
sometimes with results scarcely repaying the effort. A number of years ago there was 
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a restless striving, more on the part of directors than cameramen, for grotesque angles, 
distorted perspective, and a constantly moving camera. In time this urge corrected 
its own excesses. It is now a generally recognized rule that, while cinematography 
should not become a traditional or cionventional art, anything bizarre that is done 
with the camera should first of all be dramatically purposeful. Movement of the 
camera, for e.xa.mple, should not call attcTition to itself, but to a significant action on 
the screen. In itself it docs not speed up the tempo of a photoplay, and it may detract 




Carbon arc 


Piincliromal ic (carbon arc 


Tunj^sten 





Mercury vai)Or 


Fkk 30.—WedKO .spectrosrama of light sources. 


from it. The sole puiT)os(^ of all the (‘ln.bora,te (vpiipnu'ut and technique of (-mo- 
1 tiat)1 1 V is to tx'll a story ]iict<>ri;illy a.ud di<i.iu<i.l'it<tlly. ^ ^ 

Lighting.-Until 1914 the sun was the only pravtienl illununant for motion- 
pietum iiroduf^tion. Stmlios, wlu'ti not open to the elements, wc,u. ^ 4 ^" ' 

roofs a,nd walls, cloth diffusing eurtnins and metal rc'fli'cd.ors bcung to control the 

light, after a, fashion, a,s t.lui sun travm-sed its path or the wiaither changed. 

When art ificial lighting vvois iut roduciul, it was at first only with the i ea o supp e 
menting daylight, later, of replacing dayliglit with the same flat, uniform illumination. 
The li^htin^ ihuIh wore a.r(^ la-xnps, siniila,r to those vised in sti(>et hg ting, biiig ov 
head and equipped with hoods to reflect the light downward. Mercury-vapor 
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tubes, adapted from industrial lighting service, were also used. As a rule the lamps 
were fixed in position, and the sets were built to conform to the lighting installations, 
in contrast to the modern practice of adjusting the lighting to the sets. 

At this time arc and mercury-vapor lamps were not only the sole types available 
in the sizes required, but with the ''ordinary” and orthochromatic emulsions of the 
period they were the most suitable from the standpoint of quality of light. The wedge 
spectrograms of Fig. 30 show the spectral characteristics of sunlight and of the five 
principal electrical illuminants. The peculiarity of gaseous-conductor lamps is that 
their spectrum consists of a few bright lines, which, especially in the blue and violet, 
are adapted to exposures oh blue-sensitive emulsions. This is likewise true of sunlight 
and of carbon arcs, which closely resemble sunlight in that they contain fairly equal 
proportions of blue, green, and red. Incandescent lamps, being richer in the red- 
yellow region, did not become a serious factor in motion-picture lighting until after 
panchromatic-sensitive materials were introduced. The general adoption of incan¬ 
descent lighting at this point was greatly accelerated by the requirements of sound, for 
the arc lamps of 1928 were by no means as quiet as the types available today. 

Spotlighting lamps of the condensing-lens type were first adapted for motion- 
picture service from the theater stage. The parabolic-mirror spotlight originated in 
lighthouse and military searchlight service. A spotlight is distinguished from a 
floodlight by its sharply concentrated beam and directivity, but at the beginning these 
qualities were used in motion-picture lighting principally to project light into deep sets 
where the overhead units left shadows. Modeling, the purposeful creation of high 
lights and shadows by means of spotlights, did not come until years later. 

Light sources vary in intensity as well as in spectral and directional properties. 
Mercury arcs of the Cooper-Hewitt type, as used in early motion-picture practice, 
gave a feeble light of the order of 15 foot-candles per sq. in. This degree of brightness 
was increased in the quai'tz mercury arc to 500 to 1000 foot-candles per sq. in. The 
tungsten-filament lamp is capable of 10,000 foot-candles, while the carbon arc yields as 
much as 100,000 foot-candles per sq. in. in the positive crater. At present there is 
some speculation relative to the possibilities of water-cooled high-pressiire vapor-type 
lamps, but the commercial sources remain the incandescent lamp and the carbon arc. 

The basic characteristics of a good lamp for motion-picture photography may be 
summarized, as follows: 

1. Electrical efficiency, i.e., relatively high ratio of emitted light to power input. 

2. Spectral characteristics matching those of the film being- exposed. 

3. Accurately adjustable directivity and beam width, without dark cenl.er.s, hoi. 
rings, hot spots, or other nonuniformities, whether in the form of shadows of the lamp 
mechanism or optical aberrations. 

4. Freedom from “.spill light” or random radiation outside the useful beam. 

Factors 3 and 4 are correlated somewhat with 1, in that electrical and optical 

efficiency are of equal importance in making a sufficient levtd of illumination availabhb 
in the places where it is needed. 

In respect to factor 1, even the best modern light sources are only rtdativtdy 
efficient. For example, incandescent lamps are burned at 21 lumens per watt or at 
33 lumens per watt. (The latter figure entails operating the bulb at a temperature 
of about 3380°K. by ovorvoltaging, i.e., burning 90- or 105-volt filaments at 115 volts, 
the voltage prevailing on motion-picture sets. This necessarily shortens the life of the 
filament but gives a whiter light at greater efficiency.) At 21 lumens per watt the 
efficiency of the lamp (light output/electrical input) is about 11 per cent. At 33 
lumens per watt the efficiency is about 17 per cent. The arc lamp, operating at, 45 
lumens per watt, has an efficiency approximating 23 per cent. Of the total energy 
radiated by lighting units, only about a fourth in the case of high-temperature incari- 
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descent lamps and a third in the case of carbon arcs are in the 340 to 700 ruAi photo¬ 
graphic band, the rest being radiant heat in the infrared 700 to 5000 mjn region.^ 

In respect to factor 2, the spectral characteristics given in Fig. 30 may be modified 
by filtering at the lamp. For example, in the ease of high-intensity arcs, if it is desired 
to simulate daylight more closely, the excess blue and violet radiation may be held 
back with light straw-colored or amber filters. Conversely, the tungsten lamp may 
be brought closer to daylight color balance by means of blue filtering. 

The discussion of factors 3 and 4 entails a description of actual types of lamps used 
in the studios, prefaced by a further consideration of the two basic methods of light¬ 
ing. * The traditional division, as we have already seen, is between general lighting 



ov<w the entires set, at an average illumination of 200 to 400 foot-candles, and spcuual- 
i>!(Hl lighting by means of concentrated beams, variously known as “modeling,” 
“spot,” “])<;rson!il,” and “cff(!ct lighting.” Tlu^ latter prodiute high lights in a scene 
already illuininal.ed to the foundation intensity of 200 to 400 fool-caiiulles; these high 
liglits may be about 400 to 9000 foot-candles. All these figures are nuirely estimates 
siiuHi (iamerameii differ widely in their lighting pecularities, aiul a “h(!avy lighter” 
may habitually work with intemsities two times or more as great as a, “low-key lighter.” 
Moreoveu-, while the distinction between modeling and geiuiral lighting is valid and 
useful, there is no hard-and-fast division nor is the edassific^ation of (uiuipment for one 
])urpoHO or the other always rigid. While modeling units are normally employed for 
specific lighting in narrow beams (10 to 20°), most types are capable of being flooded 
out to angles between 20 and 45°. The angle of d(miarc.a,t.ion IxdAVfum spotligliting 
and floodlighting is generally accepted as 20°. 


1 These are taken from R. E. h'arnliam, Lip;htiiipc ReriuirenieriiH of {.he* Three-color Techni- 

fiolor Process, Am. Cineynatographerr July, PJ3(). 

In t his, as in some other portions of this seetioii, i)rincipal r(*lianc(^ has hetni placed on the reports 
of the Studio Idghiing Committee of the Society of Motion Picture Krigiiu^ers, (‘speeially the report 
published in the January, 1937, issue of J, 8oc. Motion Picture Engra, 
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Since general lighting does not present problems of great complexity, in practice it 
is usually relegated to the “gaffer’' or head electrician of the producing unit. Spot¬ 
lighting, on the contrary, being a means of imparting depth and character, is the 
responsibility of the cameraman. 

Typical general lighting units are shown in Figs. 31, 32, and 33.^ The first shows 
a so-called “rifle” lamp, txsually mounting a 1000- or 1500-watt incandescent lamp 
horizontally in a deep metallic reflecting cxip with a spirally corrugated surface. This 
and the “side-arc” of Fig. 32 are usually arranged in rows along the camera lines or 
in other positions about the set. The “scoop ” shown in Fig. 33 is an overliead general 
lighting unit. It is an arc type; both the scoop and the side-arc generally incor- 



Fig. 3.3.—Overhead scoop. 

porate twin 40-amp. flame arcs. Other types of general lighting equipment incliuh* 
multiple-lamp overhead “strips” of five or more 500- or 1000-watt bulbs. In addition 
small auxiliary lamps are often positioned behind portions of the set, as in bac^k of 
doorframes, and 250- to 5O0-watt bulbs are used in visible lighting fixtures to give the 
impression that the illumination comes from these sources. 

The design of modeling units is, as would be expected, more complicated tlian that 
of floodlighting units. The principal types are the condensing-lens .spotlight, th(‘ 
parabolic-reflector spotlight, and combination forms employing both a refltictor and a 
condensing lens. The simple condensing-lens spotlight is characiteriztid by ev<‘u 
distribution of light within the beam and a sufficient spread, but tlie intensity is 
limited by the fact that the lens collects only the light from the forward portion of t.lu* 
slobe, and lens-transmission losses are higli owing to the I'equired tbickTiess of lilu* 

1 The lighting units illustrated in this .section and the di.stibutioii tuirv«>8 accompanying Ihem were 
furnished by Mole-Richardson, Inc. 
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lens, which must resist considerable heat, and to its long focal length. The reflecting 
spotlight is efficient with a sharply concentrated beam, but as the beam is widened, it 



Fio. ;i4.—Schematic drawing of “ Solarspot incandescent, showing angular light collection. 

becoiiK^s a, ring of intense light surrounding a shadowed center, necessitating diffusion 
a.nd overlapping of a number of l)eanis to build up the required intensity over a suffi¬ 
cient area. This type of himp is normally used with 
a, ^'si)ill ring” to redu(*.e forward radiation from tlic 
soun^e ill directions other than that parallel to the 
axis of tlie bea.ni. The spill ring is tnorely a spiral of 
sheet metal, positioned with its axis coiiuviding with 
the beam axis, so that from the front of the unit the 
spiral is seen edgewise and stary light is trai^ped liy 
t.h<^ turns, 

A widely used sx^luu'ica,! mirror-condemsing lens 
tyjie of spotlight is shown schematically in Fig. 34. 

The lens, constructed of heat-resisting gla.ss, is of liic 
Fresnel or ec^helon types—-a. coini)ou.nd hms i)r(^s('nt- 
ing a corruga,t<Hl surface, built iii) of a siu^cc^ssion of 
fitt(Mi annuhir lenses about a central hms, all having 
a. (H)niinon fo(uis. It is tlie equivahnit of a. |)lano- 
{•onvex eondensing lens of short focal lengili arid 
larg(^ aperture but considerably thinncM' and more 
<4fic:i(uit. This lens is used in conjunction with a. 
sx)hcrical mirror, whicdi collects rear liglit, with 
both incuiiuhisccmt and arc *soiirees. An iiu^aii- 
desesont lainj) type is illustrated in the photograpli 
of Fig. 35, and Fig. 36 shows the light distribution 
at various sj^ot and flood divergences. In Fig, 37 a 
high-intensity arc with its associated resistor is 
shown; its distribution curves appear in h'ig. 38. 

In both types the lamp house may be lifted from the pr^lestal and mounted on 
an elevated parallel or catwalk; in the case of ar<^s l,h<‘ resistance unit is also 
detachabh^. 
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The mechanism of a high-intensity arc is portrayed in the photograph of Fig. 39. 
The angle between the positive (horizontal) and negative electrodes is 127°. The 



Fio. 36.—^Light-distribution diagram of 5,000-watt incandoseoiit. 

lamp is struck manually to minimize chipping of the rim of the posit.iv(^ cra(('r. The 
positive electrode rotates at a speed of 14 r.p.m., maintaining a. synnnet ricn.l crater or, in 
the event of damage, restoring symmetry quickly. Both electrodes are i’cul forward l)> 


Table I.— Ci-taraoteristics of 


T YPic a L S roT niciUTS 


36-iTi* re floe tor 
24-in. reflectoi* 

18-in. reflector 

Lens, large. - . . 
Lens, medium. 

Baby. 

“Lupe*' lights, 


Spot 


Arc 

current, amp. 


tno 
150 
1 50 
120 
80 
1 50 
120 

50 


I iH*and<\s<'('n (, 
lumps 
powt'r, kw. 


10 


10 



. I 

1 .0 


/ 

i 

{ 
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Table II.— Scope op Lighting 



Close-up 

Small 
20 X 

room, 

20 ft. 

Medium size, 
50 X 50 ft. 

Large size, 
over 50 X 50 
ft. 


Min, 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

General lipihtinp;: 

Broadsides, side-arcs, rifles. 

1 

1 

2 

2 

4 

8 

10 

20 

20 

40 


— 


2 

3 

5 

10 

12 

30 

Overhead strips or domes. 

1 

1 

2 

3 

2 

4 

8 

12 

Modeling lighting: 

or 24-in. reflectors. ... 



1 

2 

2 

8 

12 

4 

16 

18-in. reflectors... 

1 

2 

4 

6 ^ 

G 

10 

20 

Lens spots, large. 

— 

1 

— 

1 

2 

8 

4 

16 

Lens spots, medium. 

1 

2 

2 

0 

4 

8 

12 

24 

Lens spots, small. 

1 

1 

2 

4 

2 

4 

2 

8 


motor continuously while burning, and they may also be adjusted manually. The 
motors have grease-packed reduction gears; most of tlie shafts and other rotating 
members are mounted upon ball bearings and are designed for quiet operation on sound 
stages. If it is necessary to position a lamp loss than 6 • 
ft. from a microphone, the motor may he stopped. 

The Studio Lighting Committee lists the modeling ' 
units in their usual sizes^ in Table I. j 

In a typical interior'^ set most of the lighting (uiuip- 
ment is likely to be found on platforms suspiukUmI above 
the burCik line and side linens of the set. This ovm-luMid 
arraiigeincnt comprises both general lighting and modeling 
lamps, the latter including “l)ack-lighting” units winch, 
directed diagonally downward from the rear of the S(d., ! 

Ivigh-ligbt i.he lu'iads and shoulders of the principal actors. ' 

Other lighting units may be disposed on tlie stage*: floor 
in two rows Just off the camera line on cit her side. Lor 
follow-up or dolly shots one or several small lamps are 
frcupunitly mount.od on the dolly to maint.ain consliint 
illumination on the players' fa.c.es during (he (uitire 
maneuver. In oi'der to ch'iar the stage ft)r moving shots, 
the tendency is to suspend as miudi of the lighting ecpiip- 
inent overhead as possible. 

The total amount of light rcMpiired increas<js with the 
size of tlui set and the scope of the shot, iKung least for 
close-ups. The table above gives an id(^a of the; 
ordinary limits of lighting equipment in curnmt studio 
pra(;ti(a^ 

DitTusion or “silking”—the interposition of a thin sculin 
betw(ien the light source and the scene—-is int(‘nded to scatter the rays a.nd lumee 
lessen glari*: and reflection. It i.s properly cnqiloycHl to avoid harsh lighting and 
se(!ure softness of outline, but it should not be c.a.rri<al to the point of fuzziness. 



Fu 


[M .— Iligh-intcnsity 
arc;. 


1 This table has been slightly modified to conform to later pra<;(.ict\ 
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Fig. 39.—Mechanism of Mgh-iiitonsit,y arc. 
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The present trend in motion-picture lighting is to subordinate general lighting to 
modeling, even to the extent of eliminating the former entirely. ^ This is an outgrowth 
of increases in lens speed from maximum values of from //4.5 to //2.0 and beyond, 
emulsions having an H and D speed of less than 400 to speeds of 1000, while shutter 
openings have increased from 90 to 120° to 180 and even 200°, and finally the improve¬ 
ments in lighting equipment of recent years. In consequence, it is now felt by many 
cinematographers that the conception of general flat lighting as the basis of photog¬ 
raphy is outdated and that convenience and quality are both served by dispensing with 
it in favor of spotlighting alone. With this technique the spot lamps are confined to 
the light platforms above the set and oc(^asionally supplemented with a few floor 
lamps or a lamp mounted on the camera dolly. The shadows are lighted first to the 
requisite exposure level, after which the middle tones and high lights are built up. 
While the scene is being photographed dimmers are used to raise or lower individual 
lighting units for special effects, e.ff., to delineate the features of an actor during an 
important spet^eh, hut these changes are made \mobtrnsively to avoid distracting the 
attention of the audience. It is argued that this nudhocl not only takes maximun» 
advantage of the close relationship between lighting and composition, but enables the 
discerning cameraman to exploit the photographic potentialities of a script, both in 
respect to the decorative utilization of the sets and the personal lighting of the actors, 
to the highest degree. 

Many cameramen acdiicve their effects willi only a, rudimentary uiiderstanding 
of the priiuuphw of optics, clumiistry, and scientific photography. The present tend¬ 
ency, however, is toward a more pr<Muse handling of tlu; factors involved. For 
several years aflur the introdiudion of conveniemt dinHit-reaxling photometers or 
exposure nutters, few camera.inen <H)uld he peirsmuhnl to tak(^ an interest in their \ise. 
Now, how(W(n’, it. has Ixhiouhi fairly genc:ral prai<dice to employ meters, especially of 
the photroni(^ type, io r(ia.d light intensilhis in foo(-ca,n(U(\s in various pai’ts of the sot, 
so l.hat inon^ uniforni nwults may he a.<tlHev<ul, ofhm mor(' (puckly and at less expense. 
This practical has been fostcnaal by Teeliniciolor, wliosc' canu'ra tnen are obliged to keep 
a n'cord of pliotometric readings of the intensity and dirc'ction of light, a procedure 
whieli, acaiording to one color einenuitogra.()lier, lias Ix'cn of grcjit sorviee in matching 
outdoor long sliots of antors with close-nps lat(*r made indoors. 

Th(' photometer is used, not only to detcM'iniiK' geiu'nil ('xposurc', hut to ha.la.nee 
lights on t he .set. For t he hvt tor purjjo.sc* 11 m* light reeeivc'd a.t t he eaniera. is too het<‘ro- 
geruious, hence the inst rument sliould he r<‘a,(l in posit ions close to t he people and such 
pa.rts of th(i .set as arc i)hotograpliieally iniporfanli, the lights being aaljustcd 
aoeorditigly. 

Exterior Photography and Filters.- Light ing is t lu* founda t ion of composition a.n(l 
fh<* l)a,sie factor in ev(‘r>' photograpliie opc'rataon. In studio photography ligl'ting 
is under tin* eann'rainaii’s control, wlu'n'as in outdoor |)hot()graphy, while* iu* some¬ 
times has a nM*a.sur(* of control, through th<* use of r<*fl<*e(ors and hoostcr lights, over 
ror(*groun<l illumiiuition, he must eon.sta.ntly adapt hiinH(*lf l.o natiii’al eonditiotis. In 
this en(l(*av(»r the eauM*raina,n rr(*()u<*n t ly rc.sorts to IIk* use of lill(*r.s for such ])urpos(*s 
as p(*n(*t.raI ing haze*, modifying cont rast , (*nham*ing cloud e-lb'cls, holding down tlie 
hrilliane*y of the* sky, and, a.s alre*aely re*countc*(l uneh'r h'ilms and l''ilm Ctharaclewistie*s, 
S(*euring .spe*eial effects such as siiunlaling night .sce*nc.'i in daylight. 

The* vviele'r ap})licjitiem of iilte*r.s in outilexu" phe)te)grjiphy has l)e*<*n r<*ii(l<*re*el pe>ssil)le* 
by t he greatly iucreiaseel e*ole)r range* aiiel Hpe*e*el e>r moeh*rn (*mul.sie)ns. F.xe*e'pt te)r ve*ry 
.s|>e*eial ee)nelitions filters are ne>t nceele*(l ne)r us<*el in sluelio phe)lography. 

' Oaudio. a., a Now Viowj>t.)iii<' mu tlu! I;)f Motioa I’iiX uroM. ./. Sor. Motion I’icinrc Jinijnt. 

AiiKUHt, 
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The filters usually employed are of the Wratten type put out by the Eastman 
Kodak Co. Since more than 100 different forms are available, a comprehensive treat- 
» ment is impracticable here, but a few examples will be cited, together with sufficient 
theory to make these instances intelligible.^ 

In Fig. 40, top, the reader will note a wedge spectrogram of Eastman pan¬ 
chromatic negative film as already described under Films and h ilm Charact(iristics, 
taking in the full band from about 400 to about 670 rciy,. The effecd of a typical 
filter, the light yellow Wratten No. 3 (Aero 1), used with daylight illumination, is 
shown in the bottom spectrogram. The longer wavelengths are unaffected, but the 


Wedge spectrogram of 
film without filter 
(daylight) 



Spectrophotometrio 
absorption curve of No. S 
filter 



100 



200 300 400 500 600 700 

Wave Length 


Wedge spectrogram of 
film with filter (daylight) 


Fig, 40.—Effect of Wratten No. 3 filter on Eastman panchromatic film with (ln,ylijLx:ht, 

shorter wavelengths are cut off in the neighborhood of 450 in^. The sptM*!rophoio- 
inetric absorption diagram in the center shows how the filter j)rochi(H>s iliis . TIu" 

white area of such a diagram is read downward logarithmic^ntly in transmission pc^r- 
centage, while, conversely, absorption is read upward l()gc‘irithnu(%a.lly in tln^ bhitdc 
area. Black represents the absorption of the filter, while while shows its 1 ninsinission. 
Ignoring the slight transiriission in the ultraviolet, we note lhal, this filt<n' cuts otit th<‘ 
ultraviolet, violet, and a portion of the blue up to 450 m^u, and passibs 11 h‘ rcbst of 
visible spectrum. Hence this filter would be used wheiunaa* suppression of tin' short¬ 
wave side of the total band is dt^sired. 

Since the function of the filter is, by absorption, to prov(mt a portion of (!u^ light, 
from reaching the film, it necessitates an increase hi exposures corrcbsponding i.o tho 
degree of absorption. The number of times the exposure must ])o in(‘,r(‘a,s(Mi wit.h a 



1 For full data on specific filters see “ Wratten Light Filters,” i>ul)lislie(l l)y the hkist iiuiu Kodak Cu. 
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given filter is the filter factor. It is the inverse of the percentage of light transmitted 
by the filter; thus if 80 per cent of the incident.light is absorbed and 20 per cent trans¬ 
mitted, the filter factor equals 5.0. This 


multiplier, however, is not to be regarded as 
a constant of the filter, for obviously it de¬ 
pends also on the spectral sensitivity of the 
film and the spectral composition of the 
light. Specifying a filter factor is meaning¬ 
less unless these two elements are defined. 
For example, the No. 3 filter described would 
have a much higher filter factor with a blue- 
sensitive emulsion than with a panchromatic 
emidsion, the sensitivity of which extends 
into the region where the filter has no 
absorption. Likewise for light in which 
blue-violet predominates the filter factor 



would be higher than for tungsten illumi¬ 
nation rich in yellow, orange, and red. This 
particular filter has a low multiplying factor 
(1.26) for light of normal daylight quality 
and a panchromatic material, i.e., it may be 
used under these conditions practically with¬ 
out increase in exposure. 



Figure 41 shows the effect under the 
same conditions of four widely used filters, 
in the following order from top to bottom: 
Nos. 5, 15(G), 23A, and 72. The absorpt ion 
increases in the same order. For purposcis 
of comi)arison these four filters and the No. 
3 are listed in Table III. 

Filter hudors for tlirca^ panchromnlic 



n(^gativ(!S furnislu'd by the Agfa Ansc:o Cor- 
l)ora,tion a.r(5 giv(ui in Ta,ble IV, which has 
been compiled l)y t he rnanufact ur<u' of these 


niut.i<i film with daylight, source of illumi- 
iiaiiou. 1, 5 filter; 2, 15(G) filter; 3, 2:iA 
filt.or; 4, 72 filter. 


films. 


In g(m(‘ni.l, a. color filter which tr}i.nsniit.s light, of t\. giv<‘n color will ligli (('ii I ba t <a)lor 
on the print, while a, filtcvr which absorbs light of a. gi\’en color will dark(>n t hat <-ol(u-. 
ConscMUKHit ly t he following (d'had s are typi<%'i.l; 

Ib'd filtnrs t(‘nd to light.en reds ma,rk(Hlly, also to ligliton oraiig(' and yc'llow, l.o 
(la,rk(Mi blues strongly, and t.o havvc; gre<‘n uneba.ng('(l. 

Y(41ow filt.(Ts t('nd to light,(ui ycdlows most, to liglit.c'ii ora.ng(' a.n(l giasui lo a, h'sser 
degree, t.o darkcai blues, a,ml to l<'a.ve r(‘ds unchanged. 

Ghmui filtcu's t(m(l to ligbt.<m greims and yellows, to <larken rc-d, and to haivc^ I)lu(^ 
and ora,ng(^ un(dia,ng<Hl. 

Tlui filt.('r ra,(d,or and tlu^ inerea.s('d (‘xposun^ naiuired necessarily incr('as(‘ with (h'plli 
of color, sinc(': th(^ <la,rk(‘r t.lu^ fill(u’ th(‘ mon^ light is lost. 

Among the a,[)pliea,tions oF filt<u's it(Mniy;('(l at, tlu^ bt'giiining of tiiis se(dioa, th(‘ 
('liminal.ion of ha,z(^ soimdimes assunu^s import,a.ne(‘, particularly in aerial eiiieinalog- 
raphy. Ma,z(j a,n<l mist a,re (uvusc'd l)y suspcuuled water and dust, particles scattering 
the violet and ultraviolet rays of the sun. The film Ixang s<uisit,iv(! t.o tlu^sc^ short, 
wavehuigths, a, veiling of t lu* distant port ions of tlw landscape nssults, nnh'ss nu^asunw 
are talmn to prevent, the fogging light, from naiching 1 h(‘ film. Strong yc'llow filt,('rs 
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'I'able III.— ^Filter 'Dmva 


V\\U>v 

nuiul)ev 

C'olor 

t'iltea- fu<d,or (day¬ 
light. and pan- 
] ir on i {L t i (w H ‘ gii t. i v<0 

Transmits 
above, m^t 

Purpose 


ye'Uow 

i.2r> 

‘150 

Blight, correction 

5 


1 ,r> 

*180 

Considerable darkeiniig of blue sky 

15(0) 

Stronji; ye^lUiw 

2,0 

520 

thirther darkening of sky, bringing out 
clouds, darkening water, increasing con¬ 
trast 

2HA 

Li^i:ht red 

■1 .0 

5(>0 

Darkening sky with little effect on fore¬ 





ground, securing miscellaneous scenic 
effects 

72 

Rod 

Ko{iuir<‘S fidl a,por- 

500 

Night effects in daylight 



l.nro, f/2.2 f/:L5 




T\nhK IV.- KxposuiU'i Min/ru>bYiN(i Fa(!tors for Wratten FilteHvS in 

NoRM atj Daylight 
(A^fa Ans(*o Film) 


I'’il((M* US(' 

lUt ra, Speed 250 

Super pan 154 

Buprenie 152 

A<m'o No. 1 

1.5 

1.5 

1.5 

Aero No, 2 

2.0 

2.0 

2.0 

:m5 

■1.0 

4.0 

4.0 

5 No 

0,0 

5.0 

0.0 

K-I 

1 , S 

1.0 

1.8 

K-l » - 

2.0 

1.8 

2.0 

K-2 

2.0 

1 . 1 ) 

2.0 

Miiuui bint' 

•j.n 

2.5 

2.5 

(; 

2.5 

2.0 

2.0 

22 A 

2.5 

4.0 

4.0 

2 5 A 

5.0 

5.5 

0.0 

B 

\). 0 

7.0 

0.0 

(’ 

10.0 

7.0 

8.0 

( 'o 

0.0 

0,0 

5.5 

t' 

7.0 ' 

7.0 ' 

8.0 

N.I>. .25 

1 .K 

1 .8 

1.8 

N.D. .50 

2 . ! 

2.1 

2. 1 

N.I). .75 

5. r> 

5.0 

5.0 

N,l). 1.00 

10.0 

10.0 

10.0 

72 

20.0 

20.0 

20.0 


ar(' most i V(‘ for t his [)ur|)()S(‘; foi' o\aa‘<‘ominfj:; luiz(‘ th(‘ filt(‘r n\:\y 1)(‘ propor- 

ti()nnl(‘ly lifJ!;hl(M'. iis<‘ of iiifi'n nal-stMisil iv(‘ iMUulsions i-o p(ai(^t r:it(‘ fo^ is a, special 

applicsat ion, the film ils(‘ir in this (nise (lis<‘riniiniit in^ in Tavur of tlu^ lon^ia* U^ss-scait- 
t(‘red \va,V(‘h‘n^l hs. 

The e(»m!)in;i,l ion of inrrar<‘(l <‘niulsi(>rLs and lij 2 ;ld-real or oiun^'C^ Filtiavs, refernal to 
in l^'ihns and h'ilm Cl»nmetm’ist i<*H ;is a nuains oF fi;(‘tiinji; nij>;ht (‘fhads in dayliglit, 
r<‘(piit‘(\s no mark(‘d change* in photogra,phic 1 (adinicpu*, (‘xcept. that it is d^^sirahU* to 
<‘liniinat(‘ red in settings. To tliis (muI one Hollywood studio rc^painted its ‘‘Browu- 
stone Ht.nM't” a Idiiish gray, (apudly suitable for day shooting and infrared night 


s<‘(‘n(\s. 
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Stiuulanl negative with heavy filtering will also produce night effects in daylight, 
l>ut l)ccausi‘ of the high exposures required, this method is inferior to the infrared 
syst<‘m. 

In marine photography, water reflecting blue sky may be darkened by the use of 
yellow or even red filt('rs, without much modification of the foreground. 

I*t)larhiTiff Screens .— Polarizing screens take advantage, not of color differentiation, 
like fdt<‘rs, but of th(' fact that light, is a form of transverse oscillation, which may be 
limited to n, definite dinution. Most light is heterogeneously polarized, f.e., the 
oscilhition ocH'urs in ev('ry direction at right angles to the ray. But light passing 
through a prism, or reflected from certain mirrorlike surfaces, tends to be plane polar- 
iz(Hl, and l>_v int(‘rpo.sing a polarizing screen such light may be reduced in effect or 
eliininnt<‘d. The .screen, wlum placed over a lens and appropriately orientated, dis- 



,.ninm.Mt.-s against i>ola.rizcd ndlections wliich may he masking detad or otherwise 
intortcnng; with (lie clTect, souglit. It may also lx* used to change contrast. . n 
increase iii o\|)osur(> of four times is usually (mtaih'd in such applications. 

Laboratory Practice, h'or all practical purposes a di.scus.sion of present-c ay 

rl,- as U. Iha hu-R.-s.-al.- oi.arat.ons winch machm^ 

,,r.....-ssiiiB: l.as raii.li.n.d i.ossil.l.', A nau-liii.<. ..f tins typo, slunvn ni coinpact 1°™ 
lln- iihotiiKraph <.1 l''iK- ■Iti, '-s "liioli oxposoil (iliii IS iiurocicd and drawn 

vhunn.htl,.."lov,.lopinKs,,lu,i,,,.a.,a^^ 

... „f 10(1 It. p..r ,ni„. r.„. noaativo an.l 120 ft. ,.ov ,n,u 

,.„nOu.lors; a„.l tho.lly it, is dri.sl and spooled at '^ If.: 
The tiino and d<.an'o ol ilovoloiaaont may ho vane >y g 

length of <h(' path traveled, hy changi'S in (he spimd oi trave , oi 
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TI\(' prininry cont rol instrinnonts of laboratory processing' arc tlie sensitonici.cr and 
l.lu' (U^nsitonu'tiM', whicdi arc described elsewhere in this volume. The usual form of 
stmsiionu'lcr iivallalde in motion-picture laboi'atories operates on the time-s(^ale prin- 
<'iph* !iml ut ilizes a, (■alibra.t(id light source to impress on a strip of film a. graduated 
stM'ies of exi>osur(‘s, in c'xposure times multiplied successively by (1.414), so that 

21 K(t'i)s will i>rodu<a‘ a.n over-all range of exposures of 1024 to 1. The density ot the 
scMdions of sucdi a. na'ord may 1)0 determined in two ways: (1) on a direct-readinp 
densitometer of t he optical comparison type, in which a single source furnishes light 
for the area, under measununeut, and the comiaarison beam; or (2) on an electric d(‘nsi- 
louH'lt'r, in which a. modulatod light source excites a constant type of photocell leedinfj 
a. constant-gain ainplitier which actuates an indicating instrument of tlu' rcctilier typ( 
t hrough a calibra,t,ed attenuator. In this case the attenuator setting rcfiuinal to giv( 
a, refeivmce reading is a. nu'asure of tlie dtmsity. lloth types ol densitomet.er in theii 
convcul ional forms nanl <liffuse density in the range 0 to 3. 


The nauh'r is assumed t,o l)e familia.r with tlie theory of H and 1.) a,Tul time-ga,mm} 
curves, 'riie distimdion bed,ween ga,mma and contrast, however, ina.y well bt> reitor 
a,t('d in this section, (lainma, affect,s contrast but is not its sole'determinanl. Con 
trust dejxmds on the range of liglit intensities in the scene, a,s w(41 as oi 
gamma regarded as a. function of the emulsion, the developing solution, and the tini' 
of <levelopment,. Contrast, therefore is the broader term; it has to do with a, i)hoto 
gra{>hie result, a, mingling of high lights and shadows affecting the eye. Picture nega 
f ives of th(‘ same sceme on the same ma,terial, developed to the same gn,:mma, will st i! 


.show varying cont rast if t he conditions of illumination under which they wen' t'xposr'i 
wc're (lifT('i'<'nt,. It, follows that a, .sensitometric strip merely gives information on Ih 
<l('grce of d('V('Iopm(>nt, the gamma,, a,nd not on the contrast of variously ext)o.s(' 
n('g:Uiv('s going through the same i)a.t,h in the same time. 

Tlu'i'c Jin' two nu'thods of motion-picture hiboratory operation in common us< 
known n'sp<'ct iv<'ly sis t he t ime-a,nd-tempera,t,ure” or “constant-time” syKt<'m, an 
the “ l,est ” system, ddie t ime-a.ml-temperature system is based on the maiatenanc 
of a, constant laboratory condition to which the ca,tnerama.n is ('xpcctcd to ."uljvist h 
exposures. The chcmic.'d formula of t he solution, the l.ernperatun', t he t inu' of (h'vc 
opmcnl, the t urhuh'tu'y, and conseqmmtly the ga,mma, are assn in ('d to be fix<'<l withi 
IM'i'missible limits of tolcra.nce. The ca,mera,ma,n ri'lies on his negative going throufi 
t,hc saiiu' bath ('acli day at llu' sjune footage .speed; conseqiu'ntly the only variatioi 
in th(' product should he thosi* which he purposely aims for in lighting and ('xposur 
ddu' method is ('ssen t ially a scii'iitilic one, ba,sed on the same jm'inisi's as otlu'r ;vpplic 
tions of technology in mass production, a,nd it olTc'rs similar a,dvant;ig('s of imperson 
opi'ration, standardized pi'occdun', ami rationalization. At tin' sanu' tinu' it siiou 
not iiilcrh'i'c with any ;irtistry of whii'h t he cjuneraman is capable, since' he' is frei' 
mov(' tlu' camera,, to shoot, from any a,ngle with :uiy filt,ers and Icn.ses In* may choeii- 
,'iiul to dispo.sc' hi.s lights as he ,s('<'s tit,. 

Th(' t< ‘st system, as the na.nu' implii's, involves tlu' exposure r)f tc'st, strips .^> to bo 
in length at th(' cml of each sei'iu', all I'onditions remaining the sanu' :us during t 
tidies. These ti'st strips an' furnislu'd t,() the hdioratory a,nd devi'lopi'd in 2- or 3- 
seet ions at t lu' linu' which has Ix'i'ii found to give the desin'd n'sults for tlu' run 
normalU' expose'd ucg:div<'. A visual inspection is ma,d(' of ea.ch develojK'd strip !)> 
timer or sui»cr\ isor. If the stri|) is ('orreelly dc'vi'loix'd tlu' takc's go through at t 
normal footage spec'd. If it, ajiiiears tluit a. higher or lower spac'd would bc' dc'sindi 
or, in the' case of sc'i'iously under- or overexposed nc'gativc', lU'C'C's.sary, appi'oprii 
adjustments arc made. What usually hapfxms is that the bulk of tlu' day’s foot a 
goc's through at the normal speed, but, a few scenes may deviate, sometimc's by .sc-vc' 
minutc.s’ dcvc'lopmeut more or I()s.s. 
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An ol)vi(>iis ndvaivlM^c^ of th<' tc^st. sysicMii is iluit it alTords a degree of protection 
to tlie studio and the einneranuiii against mistakes in exposure. It is certainly to be 
prehna'cd in thosc^ (‘as(\s wlnan t he caiiuu'ainari has been ^'fighting ligld/^ outdoors late 
in tlie aft<am(>on piaiiaps shooting under protest—to g<^t the requisite number of 
scauu's for t Ih^ day. It also {xM-mits over- and underdevelopment of negative as a 
means of siaairing unironnity in printing, but a,t the expense of quality^—a dubious 
adva,ntag(a Tlu* disadvantag<\s a.r(' tin' ('xtra Iiamlling to wliicdi the negative is sub- 
je<*t(Hl in r<nvinding to (hhach and si^gn^ga.te tlie tests; Mu': possibility of misjudgment 
by the tinnuq t ht* possil>ilit y of eoTiflic^t Ix^tw caai the eainerajnaii and the laboratory 
ovtu' (|U(^stions of timing; and th<^ tiaubmey of some camenunen to rely on the laV)ora- 
tory to save tlxan from tlu^ (‘ons(xpuaie<*s of tluir under- and ovxniimings, to tiu^ 
ult imati^ (l(‘t(‘riorat i<jn of tlnir work. 

Wliat(na*r nu^thod is us(‘d, siuisiloimh ri(*. (‘oni rol is nxjuinHl to kee]> tiie solut.ions 
<x>nstant, siiua^ variations in tin* ‘‘son]),’' wlu'tluu* (U’ra t i(‘ or gra-dnal, ar<^ as litth' 
<h^sir(‘d in lalx>ratori<‘s i‘mplo\'ing th(‘ t(‘si sy^slcan as in thos<^ wlu(di axllxu’e to tlie (*on- 
stant-tini(' syst(‘in. When a, n(‘\v chnaiopcu* is mix<Hl, it is n(xu^ssa.ry to (kheuanine tlu^ 
foot ag<‘ sptaxl and (hnadopnumt t inu^ whitdi, for normally (^xposcal nc^gativc'i, will yi<id t he 
d(‘sir<al gamma, Tliis invol\’<\s va rying tlu^ speixl in t h<^ lunghliorhood of t he normal 
sptMxl, (hnadojiing a nuinlxa* of semsitonudrie. strii)son t he same' photosensit ive mat,('rial 
as th(' iH'gativc' which is to Ix^ d<‘v<'lo])('d, and from the rc'suliing data, ('.oust rued ing a 
short t iuK'-gamma. (’ur\'<' Froin which t h(,^ t inu' and Footage' sjxmmI corre^sponding t-o thc^ 
(li'sirtxl gamma may h<' naad off. If th<' constant-t.inx' syste'in is in use^, all tlie lu^gativc^ 
t heal goes through at (his s[a‘<‘(b but t've'ry henir or halF-hour tin': eamst-aiury e>F tlu^ 
conditions must 1 m' r<'(*h('ek(‘d l>y the' sanu' jiroee'du re, a, single', st ri]) Ix'ing usuatly 
sudieient. Ihih'ss the' original te'st is du])li(*at('d For Ixith deaisity and ga.mimi, a.djust- 
nu'uts in th(' <l(*vel()ping solution are' re'ejuire'd, Asi(l(' From va.i'iat ions in t he^ agita-t ion 
and t(‘uqx'ret ur(', wlii<‘h are unlik<'ly in mcxh'rn la.horatoric's, an im|)orta.n 1. va.rin.l)I(' is 
t h<‘eheinieal (‘hnngi'in tin' dev<*lo|)(*r as it ne'tson la rge' (juan 1 it i('S oF film. It is ne'ea's- 
sarv to replimish or “boost'" it ]X'riodi('a.lly, and tlx' ])ro]XM' amounti to be^ addeal is 
indi(‘at(‘d l)y 1 Ix' t('sts, although usually it. is ejuitc' ac'emra.l('ly known From e^xpex'ie'iieav 
N<‘w (l(‘\x‘l< )p('r may be a<ld<‘d manually or, jin'Fea’ably, by t Ix' drip nx't hod of (‘onsta.nt* 
admixt ui’ia 

l^>y the (MUitrol HX'thocls d('s<'rilx'd, the ave'ragt' ix'gativi'; ga.mma. va.rie's a.nmng 
mot ion-pi<'t u r<' la bora t < nii's Ixdwecai 0.(U) arxl O.Th, with an a.V('rag(' <>F ().()7. TIx'j 
gamma is normally eoniroll<‘d to I 

AnotlxM' appli<‘ation oF sensitomet rie eont i’ol which r<a|uir<'S nu'nt ion is in (a>nn('(i- 
tion with ixuv i'lnulsion nuinlxx's oF I'aw’ stock, which must. Ix^ (x>rn'lat.('<I witli ilu' 
out going (‘inulsion number. d'his is parl i(*ularl\' inqiortant in e'omx'ct ion wdt h jxisitive' 
stock in o!'d('r to <msur(' uniformity in ndt'a.se^ jirints, ddx' prexx'dun^ is to se'h^ed- a. 
numlx'r of rolls of tlx* ohl and tlx* nt'W ('oat.ings, aixl to ma,k(^ From two (.<> five sc'nsito- 
nx'trie strips From each. Ixmgths of both (‘inulsions an*; t he'ii jirint.c'd on a, ma.stf'r 
print ('i\ mxintained with sjieeial ea,r<* iixadia ii iea 11 y, ('h‘(d ri<\ally, and optically a.s a. 
r(‘F('r<anx‘ inaehiix'. A s('h‘et (‘d pied u r(‘ tx'ga live* is use si as a. st ntnhird For t b is jiidnt.ing, 
ddx‘ prin t s on all t lx‘ sa mph's a rc ina< h* at. tlx* pri n t ex* st (']) \vh iedi was corread For tlx* old 
(‘imilsion, arxl tlx‘ sensi t on xd ide* strips and prints a i'(' < h* vede >]><'d toge'tlxu* uiule'r ihv 
pr<a*xisting (*on(l i t ions. d'!x‘ st<‘]> densili(‘s ar*i‘ tlx'ii re\M<l on tlx» (le'usit ormd <'r and 
plotte'd, w IxxM'upon any reapiin'd (diange^ in printeu’ point to (’om jx'iisa.t (' For the* edmnge* 
From tlx* ohl to t Ix' rx‘w (unulsion lM‘(a>nx\s appare'ut. 

Prints For studio nse‘ are* a ledaI i\'<‘ly small jiari, of tlx* work of tlu' la.l)oratory's 
printing < l(*[)a id nxxi t , in eoinpnrison wit li rede'ase* printing, wliiedi usually r<'(|uims 
seuxu’al hundnal eopie's of exaedi Fe'nturc in tlx* Form of (‘omposit (* ])rint.s. Mode'rn 
priate'i-s op(*rat<‘ at spe'eais of about ISO Ft. pea* minute'. A (y])i<'a.l pictures printe'r is 
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shown in Fig. 43. This is a contact printer, i.e., a printer in which the negative and 
positive pass through the same gate together. Contact printers are of two kinds: step 
printers and continuous printers. The step printer resembles the camera and the 
picture projector in that the two films are carried past the printing aperture and the 
positive is exposed through the negative frame by frame, a shutter being used to cut 
off the light while movement is taking place. The expo.sure is controlled by variation 
of the light. This type of printer has a straight gate. In. the continxious printer, a.s 
the name indicates, the movement of the two films past the aperture is unifonti. 
Exposure may be varied by changing the width of the aperture or the intensity of 
the light, the latter being more common. To reduce slippage between the two films, 
the gate of the continuous printer is curved. The picture may be printed on either 
type, but sound records can l)e printed only on a continuous printer. In making 



Fi< 3. 43. Pi(4iire printer. 


(*()inp()sit.(\ prints soinid arul {lici urc^ nuiy print(Hl <x)ns<‘cul iv(dy, th(' ])ict urp 
innskc^d whiU^ souiul is Ixdn^ priiitcxl, and viix’i v(n‘sa-- Howc^vtn*, (xiinhiiuxl sound and 
pi<*tiir(; printdU'S now in <‘xt('nsiv(^ ust^ for ii\a,king composites prints; th(\s(' luiv(‘ twin 
ine(‘lia,nisins a,nd opt ical systcntis to peuanit the positive film to tx^ (‘xposcxl su(xx\ssiv(dy 
to sound and picture in one optx'at.ion, the light being adjustcul in (aieh (uise to 
proper int,(msity. This adjustnumt is usually made aiitonuiticall^'' liy (d('ctronuign(‘tJ(r 
control d(‘vices a(*tinit,(Ml hy iu)t<dios in the edge of the film or l)y tra,v<ding rna,tt(^s in 
the shap(‘ of aaixiliary films. 

In th(^ dcvvelopnuntt of prints a constant gamma is maintained mu<*h as in tlx- (-a,sc; 
of n(^gaJ iv(\ Sensitonudric st rips exposed on positive stock are devclopc-d at n^gular 
intervals in (mx‘h positive dtwa-loping machine, and the time of dev(dopm(mt acljustc-d 
accxirdingly. The positive liath must he replenished in the saim-, nuinix-r as th<^ ru-ga- 
tive ha4h. 

Printing exposure- is in st(-ps, one step, or point, being equivahmt to O.Of; log liJ, In 
the Ixd-ter nuiintaipod hd)oratorieSy the positive gamma is maintained to within ±6.05^ 
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or ono-half a printer point. Positive gammas vary be^tvvoon 1.8 and 2.3, oceasionally 
going higher. The average value is 2.10. The laboratory may vary the positive 
gamma to smooth o\it screen contrast where the gamma of the negative is too high or 
too low. 

The product of tlie negative gamma and the positive gajmtia is called the ^‘over¬ 
all’’ or ^'reproduction gamma; its importance is that itp expresses the ratio of the 
hriglitnoHs differonc<\s of tlio posit ive in relation to those of tli<^ subjecd.. Owing to the 
presence of st ray light , l>ot h in jdiotograpby a.n<l projeed ion, tlu'rc is a tendency for 
the pi(d.iir(^ on the scuven to have less (a>ntrast than tlu^ siil\joct, unless the loss is 
iH)mpensate(l for l)y making 1h<^ over-all gamma grc^atcu' than unity. Accoidiugly 
it is common laboratory pnudica^ to work to ov<u*-a,ll gammas not lower than 1.2. 

While most of the s(H:ondary featun^s of dtn'elopmcmt and laboratory op<n*ation 
must nec<^ssa,rily b(^ passtnl ov(u* here, oiu' point, in d('V<:‘loi)ing-nuichine design deserves 
memtion: tlu^ prol)l(un of ov(nHa>ming dirtadional cdTects in <l(>vc'lopment. As the film 
is fed through tlu^ ina<*hin(', the pnxhnds of devcdopnuait (mainly oxich^s and bromide 
salts) temd to dift’ust^ from areas of gnuit(M‘ (^xposurc^ into adjacent a.r(‘a,s, in a. dire<dion 
<a)vinter to thc^ direct ion of t ravad. Tlu^ (dlcMd is to r(Mhi(‘(‘ the' demsity of a/rc^as a.dja,c.ent 
to a,nd following n^gions of high <'xposur(‘; t hus a. sensit om<d ric. st ri|) pa.ssed t liroiigh the 
nuudiim^ with lh(^ liglit (uicl liaiding will ('vichuua^ a dilTiunud (duiracdcu-istic: than with 
th(^ (l(MiS(" (Uid lc\a<ling. 

In ord(U' to ov(‘rcom(' this distortion, nudluxls of turhula-t ion a,nd a,git.u.ti()n have 
Ixxui d(u is(Ml to j)n'V(uit tli<' d(‘position of th(' (haadopnuMit prodiuds whi(di <^a.us(^ tlu^ 
t roul)l(\ ddu' d<a'(dop(M‘ may, for <^xa.mplc, Ix' forccxl t hrough no7vzl(\s IxuH^a-th t.he s\ir- 
faca^ of t!i(^ fluid, atxl tlx^ la'sulting j(ds agita.t(' th(^ (hnudofxu* HiitIic.i(Uit.ly t.o minimize 
such irn‘gula rit i<‘s. 

It has alr(‘a(ly Ixam nunnrkcal that improveaneuts in (unulsions and lighting are 
cl()S(dy t‘orr(daU‘(l with iruprovautumls in d(‘vcl()i)m(‘ut arul otlua* pha,s(^s of labora.t()rv 
op(M*a tion. Thes(' rein t i<)nMhi})s ar<^ illustratfxl hy t h(‘ work whicdi has becu\ doix’! on 
dinudoixu's it) re<aM)t \‘(‘ars. ddx' |)rimary ingnxliiaits of a- d(nudop(U' a.ia^ Idx^ laalucing 
ag(U)t ; an ncc(d(M'ator, whi(d) is usually an alkali; and a, pnascrvcd i\’(^ g(M)(U‘aJly sodium 
sul{)hit(‘. W'ith Old Ixxdironia t i<‘ film a. v<u\v n(d iv<^ (huadopc'r, of t he typt^ now t.cuaned 
*blynainite soiip/’ was m'^Mvcsnjdly uscal, siixa* tdx^ film was slow and th(^ light, sounxvs 
irxdlici(‘nt. 'Tlx* st rouf!; alkn liix^ :x’C(d(U*alor tiuxhxl to caus(' grain (dumping in (hwtdop- 
nxait. As (‘luiih ions iinproxaxl it l)(H*anx‘ d(\siral)l(‘ to (hnus)^ a, luon^ r(\st ra.iixxl d(wud™ 
op(‘r of tlx‘ borax t yp(‘, smdi as is now in g<axu*al us(u Idtis ut iliz<\s a. \v(uik(u’ alkali, 
borax (sodium t (d ral >oni t <M, in combination with an ('X(M‘ss of sodium sulpliito, wl)i<di 
has a sol\'(‘nt Mctitju on silv(‘r halidcxs as w(dl as pr(\s<'rva I iv(‘ prop(Md i(‘s againsi a.(ndal 
oxidation. Slower (l<*\xdop(‘rs of this type alTord a, nuxdi fiixn* grain (dia.ra(d(udsi-ic. 

ddx' following an‘ I h<* compositions of tlx^ widtdy us(m 1 lu'gativa^ and posit iv(‘ d<wnd- 
op<‘rs m(‘ntion(xl in I’dhus aixl h’ilm < diai‘a(d(udst ics; 


NKijA'rivn 1 >Hvmx)PKKs 
l-OUMUI-.N i)“ 7 C» 

ta<ni. 

I lydriK jnitioiH*. 

Stxliutn .suli)hit*' ((l<vX<M’:it <*« 1 ).. 

I n)!'jix (xva riulHi ). 

\V'ut.<*r to mill' (*. 

1 <N I )-2 

H lux lol ( ni<‘1 (>1 or Pdon ).. 

ny<U (X 111 i o one. 

Soilium jHtiipliit*' (juih \'(t rou.s). .. 

Bor.'ix . 

\V;it (T (,<) ruilke*. . . 
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Positive Developers 
Fohmuda D-16 


Water.... 750.0 cc. 

Elon... 0.31 g. 

Sodium sulphite (desiccated). 30.6 g. 

Hydroquinone. (>. 0 g. 

Sodium carbonate (desiccated). 18.7 g. 

Potassium bromide. 0.8G g. 

Citric acid. 0.68 g. 

Potassium metabisulphite. 1.5 g. 

Gold water to make. 1.0 1. 


The chemicals in the D-16 formula are to be dissolved in the above order. Tlu^ 
replenisher differs somewhat from the composition of the original mixture, prin¬ 
cipally in that it contains twice as much sodium carbonate and half again as imicii 
hydroquinone. 

Formula PD-2 


Water. 075.0 cc, 

Rhodol (metol or Elon). 1.7 g. 

Sodium sulphite (anhydrous). 67.5 g. 

Hydroquinone. 8.5 g. 

Sodium carbonate (monohydrated). 26.0 g. 

Potassium bromide. 0.75 g. 

Final volume. 1.0 1. 


Numerous other phases of motion-picture laboratory practi(Hi arc outsider the 
scope of this chapter. These include preferred layouts for laboratory buildings; 
fixing, washing, and drying; reduction and intensification; reclamation of silver from 
exhausted solutions; printer maintenance; storage of film; preservativi^ trcailnu'iit of 
finished prints; inspection, etc. For material on these subjects t.lu' readcu- is n^hu-n'd 
to the biV)liography at the end of the chapter and especially to the Ih'port of t lu^ Com¬ 
mittee on Laboratory Practice; of the Society of Motion Picture EngiiuMU-s, and ihe 
Eastman book on "Motion Picture Laboratory Practie.e.” 

Process Photography.—The t(u‘m "process photography” inehuh's a va.ri<'(y of 
special effects, such as the making of dissolves, fades, and wipes, jis wi'Il a.s nion* com¬ 
plex forms of scene-to-scene transitions of the montage type; ilu* making of tith's; 
reduction of 35-mm. films to substandard sizes; the improviuiumt, of faully iH'giii iv('s 
by optical methods; providing bac^kgrounds for studio production; (rick shots of all 
kinds, usually involving matting, multiple exposure, etc.; comhiiuitions of plu)t()gra|)hs 
of real people and animals with pliotographs of cartoons or pupi)ets; combinations of 
photographs of scenic paintings with photographs of real peopU^, animals, ami sets; atul 
combinations involving the use of miniature modtis. Some of tlu'H(> (‘ff(‘cts may Ix' 
secured in a standard motion-])icture camera,, either by itself or (aiuippcnl with simph' 
aiaxiSHories like bipack maga.zin(^s, but the majoritry require sp('(ia,l a,ppa,ratus, such as 
animation stands, optuaU priitters, roar-proj(^etion (npiipmcnt, <‘tc. Mon'over, the 
ti'chnicpie of process photography is so involv('d that norma,lly it (\annot, Ix' applied 
readily to day-l)y-(la,y production activities and is hettiu' left for ‘hiftcrtnaitnuait,” 
which affords the additional advantages of allowing prelimina,ry ('dit,ing of tins pietiins 
before final decisions are made; em what effects are to bo employesel and where th<‘y 
shall he inserted. 

Composite photography as a means of supplying backgrounds has gr(sai,ly exteuxhxl 
tlie range of dramatic production a,nd at the same time rediusesd (sxpemse, sinccs it is 
usually (sheaper to bring a sc,one t-o the studio photographically instead of transporting 
(sast, company, and equipment to a distant location. It makes poswihks elh'cts which 
pould pot bo sceenred without prohibitive difficulty or danger in the fieskl, Aediially at 
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tlie prc>seTit time the only nn^thod in extensive eonnnereial use is tlie rear-projection 
system, but of the nuineroiis cjnrlier techniques one, the color-separation or Poineroy- 
Dunning system, deserves a brief treatment for its historical importance and because 
it is a classic illustration of photographic ingcuiuity. 

Figure 44 is a schematic’; diagram of this nic^thod. It is desired to superimx><^>«e the 
foreground acvtioti of the two men on a |)revionsly photographed haedeground scene. A 
dye-image trans|:)a,remedy is printcMl from the baedvground lu^gative, a,nd, as indi(*.ated in 
the ligure, this ^^key’^ or **plat(P^ is threadcal through a si)e<da.l camera in front of and 
in (HJiitact with an imexposcul nega-tive. The most comrtion color for the trailsj)areiu*.y 
is orange or yellow. The foreground action is lightcsl from above in thc^ saim^ color. 
Obviously, then, the fon^groiind a-ed ion will jihotograph t-hrongh t he trans|>Mr(mcy and 
form a. latcmt image on t,lu^ lu^gative. 

A plain l)n.ckdrop is suspeauh'd Ixdund t he aed ion and st rongly illiirninatcMl with 
white; light. The (‘olor of th<‘ baidvdrop IxNirs a. minus redai ion to ilu^ e.olor of the 
tra.nspar<nu*y aiid t lu^ fon^ground liglit; thus fora ycdlow t ra nspa rcMiey th<^ ba(d<dr<)p 


Foreground /fghf o/ 
same co/or as frans- 
parency (ye/low) ^ ^ ^ 

Colored iransparency 
Cye//ow) 

C/nexposed y 

negaHve , 

’ H bj ' Camera , 

ang/e/ / / 


Spec/a/ ^ 
camera 



Background I fghf 


1 ^^ Co Jo red 
^ backdrop 
(blue) 


\ •. 


Foreground ac+ion 

l*ho. 44. ('omi>oHi( l)h(){,<)grai>hy l)y (M>l()r-s(n>arHt ioii met hod. 


will ])(^ t h<Ma)inpl(*m(‘n(ary blu(\ bliu^ light ndlcMdixl from th(^ 1 >a.(dc<lro]), (‘utendug 

t,lu* l(‘ns of tlu' camera, aids as a. printing light for tlu^ I ra ns|)ar<‘n<*;y'; wlima^ t lu' traris- 
pnrmu’v is a dmisi* yidlow, no bhi<‘ rays will pcaudraic' t<» ttn^ n(‘ga,t i\'(‘; wluu’c' t lu‘ t ratis- 
I)ar(Ui(\v is liglU and tli(» foreground aidion doc's not bhxdc tlx* ridUadcal bliu* of tin* 
1 )a<d<.<lrop, an imag<‘ of tlx* baidcground will lx* fornx*d on th(^ n<*ga-tiv(^ '^Thus a- com¬ 
posite* n(*gntiv(‘ of tlx* f<)r(‘gn)Uix I aid ion and tlx* bac'kground s<‘<*n(^ will r(\su!t.. 

''riu* principal disad vani ag<* of tlx* Foin(*roy~ 1 )unn ing syst<*m is i,l)at tlx* ba(*k- 
ground is invisible* while* (lx* composite* plx)t<>grai)h is l>e‘ing made*, \vlh(*h may lx* a. 
s(*rious drawl)nedv \vhe*n(*v(‘r tlx* r<)r<*gn>und aedion must lx* syrx*iu*e)ni/x*d with me)V(*- 
nx*nt, in tlx* 1 >ae'kgr<)inxl, sued) as moving tralhc. ddiis de*f(*(d. is ove*rex>nx* by tlx* 
r<*a,r-pr()j<*<d ion nx*th<)d of composite* photograj^hy, show'n in Fig. 4 5. Heia* tlx* ke*y 
print is proje*(de*el from n spe'<*ial pre)j<*(dor to tlx* r(*ar side* of a t ra.nslu(*e*nt sa rxle*d-gIasH 
or ce*llul(>s(* s(*r(*e*n. Sulhx*i(*nt light is use*el to pe*rmit r<*plx)tographing by a canxM'n, 
whiedi is driv<*n syrxdironoiisly and phas«‘el wdth tlx* j)roje*(‘(or. d'lx* (*anx*ra arxl 
pr<)je'(‘(or molors are* e>f tlx* i at e*rIo(*k(*d tyjx*, e)p<*ra(ing from a. e*omnx>n soiire*<* of 
alte*rnaling eairn*nl, arxl by r(*ase)n e)!' tlx* phasing tlx* pn)je*e*t<*d {)i(dure* is a.t re*st wdiihy 
tdx* e*anx*ni shult(*r is ope'n. (H(*ix*<* the* proje*(de>r re*<]uin‘s tx) shuite*rd The* re)r(*- 
ground a(‘tie)n is light<*d in t lx* usual way. ddx* main n*(piin*nx*nt b)r sat isfM(*t<>ry 
n^Hults is a St(*ady high-quality (‘ontrasty l)a<*kgre>und tx*gative* (sex* Films arxl Fihti 
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Characterivstics) and accurately registered prints free from excessive grain, dirt, 
scratches, etc., which would tend to show up in the final picture. 

The principal implement of aftertreatment is the optical printer, shown schemati- 
Cially in Fig. 46. The printer head on the right is essentially a lensless projector equip¬ 
ped with a 500- or 1000-watt light source, providing uniform, diffused illumination at 
high intensity. It is usually a rebuilt motion-picture camera fitted with a registration 
or pilot-pin movement and mounted on a lathe bed opposite the photographing (camera 
on the left, which is likewise equipped with a registration movement. Camera and 


Trans Jucen / 



Fro. 45. -Composite photography by rear-projection method. 


printer head are drivmi in exact synchronism from a common shaft. While tire image 
in the printr'r lu^ad is moving, the camera shutter is closrHl; {'xposure (xaairs wlrile iroth 
films ar<^ s(a( ionary. Tlur Iturs shown between the canuM'a. and tire projcH^tor is desigtUHl 
for unit, magnification; it may Ire an ordinary ea.inera, Urns stopirral down to //S or //11, 
although lcns<‘s especnally (urmad ed for photographing a,t short. dista.irc(rs an' pndVrrerl. 
lOxposure ma,y be (*ontrollcd by altering tbe intensity of the irrintc'r light, tlu' Unis 
a.p(‘rtiir<q tlu^ sliutti'r o|)(>ning, or, in special <iases, the speed of printing. 4’lu‘ sp(>ed 
di'pends mainly on Mu* work Ixung done, 40 ft. i>er min. Ix'ing about, t Ix^ ma.ximum a.iid 


‘^oi^conj-o/jn/ngirame ,Specj‘a/ projecior 

of T Jim being pnorographea / or pr/nberneac/ 


Camera 





E 


f. 


■'Lj'ghrf- 

source 


Lalhe bedUnj'f magn/ficai-j'on Jens 

4<). Schrmral.ic. <iiagrani trl' opti(nil priiitiv. 


IK ft. p«'r min. an a.v('ra.g<^ figure in pi-acd ice. Provision is made for drivdng ('ach unit 
forward or ba.<4<\vard, nuxdianiim.lly or by hand, at the same or diffenMit speixls. With 
diffenmt.ial oireration two or more (aiiuera exposures may Ire made; of (‘a.(“h iniagi' fra.ine, 
slowing down the aid ion, or one (-ixposure may be made of every altmaiati* or third 
iiuagi^ frame, speixling up the a.cti()n. Rewinding is usually done at 90 ft. jicr min. 
Both t h<! camera and proj<Hvtor may be moved laterally or vertically as wcdl as along 
t he lathe lied, or in {rlaiie of the lateral and vertical movennent of thi'se units, the Unis 
may he moved to adjust the piid.ure. Special movements, such as rocking t he (niimn’a 
(luring operat ion, may be employed to simulate the rolling of a boat, etc. 
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A fade is made in an optical printer by placing a master print in the projector and 
copying it on a n<nv or duplicate negative, frame by frame. At the desired point the 
operator starts to close the camera shutter and continues to close it at a rate deter¬ 
mined by tlu^ Icngt li of the fade. To fade in, the process is reversed. For a dissolve, 
wlx'iH' the outgoing and incoming scenes overlap, a double exposure is required, the 
dup(! nt'gat ivc being exposed first to the scene fading out and then to the scene fading 
in, H(» that the two superimpose. (A fade, in whiich the screen goes black, denotes a 
eonsi<lt*nil>h‘ length of time; a dissolve indicates a briefer interval.) Instead of cross 
fading ior dissolves, “wipe.s” may be used, a moving edge or outline, in a variety of 
shapt'K, ol)lit(‘ra,t ing one s<*ene and bringing in the next. This may be accomplished 
in th«“ opti<‘!il print<>r by means of a moving shutter geared to the driving mechanism. 

More (Munph'x composit e effects are often managed in the optical printer by means 
of musks, stationary or traveling. A stationary matte or mask is one which blocks 
out flu* sanu' portion of one of the components of a composite scene; it is simply an 
ojaupH' material appropriately cut a.nd inserted in a slot in front of the unexposed 
negat ive. When t he arc'a to l)e blotsked out shifts in size or position, a traveling matte 
of film must be madt', usually by intensification, and threaded appropriately with the 
print which is to be maskcal. The desired action then prints through the transparent 
{MU’tion of th<> mask. In this way montage effects or other composites of several 
films may Ix' mad<“, and the method also lends itself to trick effects of various kinds. 
Often mult iplc masking and nudtiplo printing are required to give the desired illusion. 

A detaih'd dc.seriplion of trick ])hotography is not within the scope of this discus¬ 
sion, t>ut oiH' cli'ineut.ary illustration may be given. Let us assume that it is desired 
to show an actiir working with a lion in a cage, the lion or the actor being of a disposi- 
li<m whicdi lu’celudcs any a.ctual fra.t(U'nizat.ion l)etwe<uv them. The scene may be 
idmtogniphcd with th(> man at one side of the cage going through the appropriate 
action in the ahscncc' of tins liori; tlui man tluui withdraAVS arid the lion, persuaded by 
.suitable me.aiis to remain on th<‘ oiiposite side of the ea,gc, performs his role and is 
photographe<l. It is llum a, simpl(^ matter to combim': the desired halves of the two 
negat ives in t he opt icnl printer, mutt ing off t h(' undesircHl halves in turn and producing 
a dupe negative which shows flu; actor and (lui lion apparently occupying the cage 
tergether. The s;une elleet could, of (xuirse, Ix^ obtained by matting and double expo- 
,sure in the original pholograirhy, with tlui (aiimsra kc^pt in the same position through¬ 
out. but it is generally prefei-abh^ IVom the standpoint of both time and quality to 


rt'sort to t h<> opt ieal printer. 

,\s in composite photography, in optic^al printing cvcjrylhing depends on accurate 
registration, cle.an prints on slock of approprialr^ (dm.mctm-isties, and good laboratory 
pnx-edui'e. In addition, it is nect'.ssary to tak(i into acxxiunt the fact that optical 
printing 1«'Ih1s to intnxhux' a change in contrast whhdi is not encountered in contact 
printing, 'Phis is particularly the case with spioular illumination, where the light is 
dispersed by the reduced silvm- in t Ix' print to a,n extent dc'ponding on the density, so 
that theio is slight dispersion in tin' high lights and heavy dispersion in the shadows. 
In contact printing I lie dispc'nsed light still n-aches the rii'W negative, so that the effect 
IS of no great practii'al eonseiiuenec', hut, in optical [irint.iiig the dispersed light is lost 
before it reaclii'S the lens, eaiisinga loss of ('xjiosure In 1 hi'.shadows. Thus the contrast 
is in efieel increased doul.li'd in some eases. The reim'dy is to use .softer prints and 
to develop tlie negative to a lowi'r gaiumu if m'cessary. 

An animation or tith' stainl used in cartoon and title work comprises a camera 
nrraiigc.l to photograiili film, tith' cards, drawings on celluloid, etc., by either traiis- 
niitte.l or n'Oceled light,. The material fo he photographed is mounted on an easel, 
which is geiH'rally positiom'd in tlu' horizontal plane below the camera, the l^t 

..louK a varl,k»l axia. Tlu, ca.nora may bo dnven at a w.de 
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range of speeds. Many of the operations described in connection with the optical 
printer, such as the making of wipes and special transitions, may be conveniently per¬ 
formed on stjch a stand. Effects titles, in which action or scenery appears behind 
title lettering, are made by a process of double-negative exposux'c from a title positive 
and a scenic or action positive, the former having previously been prepared by exposing 
film to a title card. The more intricate title and transition effects are made on the 
optical printer rather than on title cameras. 

Various types of effect shots involve paintings or miniatures. For example, a 
painting on glass, in correct perspective size, may be interposed between the lens of an 
ordinary camera and a set. Solid miniatures are commonly used, not only to save 
expense, but to show scenes of destruction—^train wrecks, bomlxing of towns, etc.— 
which could not bo filmed in actuality. The correlations botweeix the size of a, mitxia- 
ture, the speed with which action takes place in or around it, the angles of photography, 
etc,, a,re mathematically and experimentally determined and, when properly carried 
out, convey a convincing illusion of reality. 

Sometimes three-dimensional “miniatures” are themselves of (‘.onsiderabk'. siz<x 
a.i;d cost. One miniature of the city of London occupied a medium-sized dirigible 
hangar vised as a stage. In a recent marine film miniature frigates 18 ft. long, e.omplote 
with cannon, 16-ft. masts, etc., were used for battle scenes, at a cost staled to be about 
1 per cent of that of full-sized vessels. Long- or medium-shot pi(it.ur<'S of tlnvse 
miniatures were intercut with elosc-up action filmed on pa rt of the main <le(?k of a. ship 
built to full size on a stage, where rear projection supplied s('a, sky, and land 
baedegrounds. 

Minia,ture rear-projection screens are sometimes built into three-dimensional 
miniatures, the (ulges of t he screens being camouflaged so t hat tlie a.<‘t ion wliicdi ta,kes 
pla.ee on tiiein will merge photographically with the rest of th(' scimic. Th('r(^ is no 
limit to the eornbinatiems which may be devised or to the ciueina.1 i(^ cvffxuds which 
ingenuity may produce by such methods. 
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CHArTKR XXIV 
AEWAX PHOTOGRAPHY 

* 

By Leon T. Eliel 

Introduction.—Thoro are two possible objectives in tjikiap; aerial pliotopiraphs; 
(1) to produce a. picture; (2) to make a map. 

We draw a clear line of distinction between the use of this material for j^iclore and 
for map purposes. The picture is a product which is to he looked at, to be used for its 
artistu*. and visnal value and for its commercial applications where nothinf^; but the; 
photograpluc impression is required. 

Maps (‘.ornpilcd from aerial photography may also have photograjihic or visual 
value, but, they are primarily maps made to scale for technical uses. 

Two kinds of aerial photographs are taken to be used for such visual information 
SIS can be derivenl from ttuun. The most commonly used is the ol)li(iu(' photograph, 
whieli is so termed bee.a,use the camera axis is held obliquely at the tinm of (‘xposun^ 
(hdg. 1). Most a,erial pliotographs which are used for illustra,tivc purposes are of this 
typ(\ 

Th(^ sc'cond typ<'. of a,erial photograph used for visual purposes is tlni ve;rt.i(uil {)hoto- 
graph (Eig. 2). This i)hotograph approaches being a map, although, IxMumse of 
various inii<u-ent defe(d,s and distortions, it cannot be considered a,s a, ma,{) unt il it has 
l)('(m pro(‘('ss(Hl for this purpos<n 

Oblicpic photographs ha.V(i a va.ri(d.y of us(‘s including advivtising; progr(\ss i)ic- 
lurt's; r(^i)orts; c.olla,t('ral information to illustrate maps; recording (umu-gcmcics such 
as floods, (uu'lh(nuik(\s, ('t,<v; (dt-y planning uses for zoning, building counts, rale litiga¬ 
tion, (d'C,.; a.nd a, va,ri(*l.y of ot lnu’ subjevds. 

Vdadlcal [)b()l()graphs a,re exi.ensively used for g(>()logical study, timheu- cruising, 
(dty pla,lining, and right-of-way work. The most (extensive' recent u,s(' has Ixaui on tlx’ 
l)a,rtof llx^ Agricultural Adjustimmt Administration of the llniti'd Elates 1 )(q)arl nu'ut 
of Agricuh.ure for (dxudeing contract compliance on the part of fa.rnu'rs opc'rat ing undi'r 
AAA Ixmefits. 

Th<^s(' vml.ical pho(<)gra.phs an* suitable^ for vituvdng slereoseopically in l•(di('f and, 
wlxm properly handled in (•onjuiudion with (xulain m.easurc'iixMits imuh'on fix'ground, 
call n'lxler information of reasonahh^ a,cc.ura(\v. 

Ma.i)S (xnnpiled from .aerial photographs may 1x3 of a numlx'r of kinds: 

1. Plx)t.ogra.phic mnsa.i<3 imips 

2. Jdn(3 maps: 

<f. l*hminu‘(rie. maps ( Eig. 3, pa.g(3 710) (sliowing di^tail proj(3el('d on one platx') 
b. Contour maiis (Eig. 4, pa.g(3 711) (showing (‘levations in addition to 
phmimel ric del a il ) 

l.)eta,ils of most, of t lx,' a.[){)lica(iions broadly nottal ahovx' will he cnlargi'd upon later 
in ( his artitdi'. With 1.1x3 g<'n(3nil scope of a(3rial photography thus in mind, we can now 
pr()(3(3('d with some detailed ec)nsid(3rations of the technique involved. 

Requirements of Aerial Photography. Airplane—Vor oblique photography, 
almost any kind of an airplane that is big ('m)ugh to carry a pilot, a photographer, and 
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a camera is suitable. The airplane should be chosen, however, with the following 
thoughts in mind. It must have a suitable window which can be opened to permit 
securing of the photograph without having any of the airplane structure, such as the 
wing tip and the .tail, show in the picture. The airplane should be one which can fly 
reasonably slowly. The pilot and the photographer should be within speaking range 
of each other, as the closest kind of cooperation is essential to success. 

The selection of an airplane for vertical photography is more complica.ted (Fig. 5). 
In the first place, the airplane must have a floor structure through which a,n adequate 



Fio. 3.—Plauimetric map which may be compiled from aerial photographs. 

camera hole and window for the pilot may be cut. The airplane should carry a.n 
adequate gasoline supply and it should have suflicient horsepower to t-ak(i its full load 
of crew, photographic equipment, and gasoline to comparatively high altit u(h^s. Most 
vertical photography these days is being done at an elevation of about 15,000 It. above 
sea level, although it is frequently necessary for the airplane to go a,.s high as 25,000 ft 
This airplane must be reasonably fast in order to eond>at the high wind velocities t hat 
are often encountered at high altitudes. It must be reasonably ircic Irom vibr!ili<iu, 
which might Im imparted to the camera. Furthermore, it is desiralde to wdeud, an 
airplane affording the pilot rnaxinuirn visibility, forward, down, and to the sidcu h'or 
this reason, an airplane with a single scat in the pilot’s compartment and a narrow 
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fuselage is preferable to one with side by side ari-angenient, as in (he latter case the 
pilot has difficulty in seeing downward on the far side of the ship and usually has to 
move back and forth from one seat to the other. Stability is anoiher essential charac¬ 
teristic of the mapping airplane, as instability results in nonuniformity of overlap, 
badly tilted pictures, and furthermore keeps the pilot so busy in attempting to 
maintain an even keel that his efforts toward precision navigation are seriously 
impaired. The mapping airplane, in addition to the usual instruments, needs to haves 
an exceptionally good compass, which is free from lag and undue oscillation. A 
sensitive-type altimeter is also important because the ordinary type of a,irpla.ne alt im¬ 
eter has so much lag that t lie elevation 
can change appreciably btvforo the alti¬ 
meter is affected. Another inst.rument. 
which is important is a stiut tfiormon^oter 
giving the temperature of the outside air. 
This is essential in making ciorrecitions to 
the altimeter reading. 

Camera .—A great variety of camera, 
equipment is employed in the: various 
phases of a.erial photography aiul aerial 
mapping. One paiiicndar company 
engaged in this type of work titilizc's If) 
different kinds of cameras, ea.cdi for a. 
differevnt purposes. 

For ol)lique photography, tlu* (vuiu'ra. 
question is comparativedy simple. 
Acceptable obliques ha.v(' Ixhmi sccun'd by 
homemade ca,mera.s a.nd inodifu'd stand¬ 
ard (auneras, although a n'gulnr a:erial 
camera is desirabh'.. h'acl.ors to be t aken 
i!it.o consideration in s('l(‘ct.ing a. ca.nu'ra. 
for oVffiqnc photogra.j)hy a.n^ 

1. Focal lengtli. Tlu' hxail l(>nglh 
should be as long as ])ra(d.icai. A (‘om- 
promise must erfcct<'d hctwaxai the: 
long focal haigt.li whicli is desirable aiul 
w(Mght and mobility. The ca.nHU-a. must be tight (uiough so that a man can easily 
ha,ndle it, i)oint it, and move quickly with t.he ca.iticra in his ha.nds from oiu* subje<-t 
to a,no‘.her. The most satisfactory all-ro\ind focal length for ohlicpu'photography is 
12 in. This kvns is generally used on a. 7- l)y 9-in. j.)hotograph. 

2. Hpexxi. Lenses for ol)lique jihotography should havi' a. spcxxl or//‘Lf) or faster. 

3. Filt.tu’s. The lens should Ix' e(iui])ped with a bayonet, tyja' of fil((‘r, so (hat 
hll.tus itia.y l>e swit.(died in tlu^ air a.s tlifferent conditions of ha./(q visil)ility, a.n(l light are 
(uieountered. 

4. Kxposurc!. Obliciue i)lu)(.ograi)hs a.r(‘ gcTHU’ally (exposed at. ' i 50 f^<'e. or fasten'. 

The lainu'ra .should l)e (xiuipped wit h a couple of solid grips for holding and point ing 

it., with a trigger which is convenient to be operated while holding t he eamen'a. by tlu^ 
grip.s. It should have a single-winding action, which changes the film and nsseq.s th(‘ 
shutter in one operation. An ordinary negative glass finder with peep sight is quit.i': 
satisfactory. 

Tlic (camera requirenient.s for vertical photography are much more compU?x. In 
common use today are focal lengths ranging from 2 to 24 in. Cameras vary in (con¬ 
struction from conventional single-lens instruments to nine-lens instniments. Various 



Fiu. ().-—Nine-lens camera for making 
aerial photographs, mounted in floor of 
plane. Note oxygen arrangement. 
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manufacturers supply aerial cameras either with or without interchangeable maga¬ 
zines and the cameras are classified as precision or nonprecision, depending upon 
whether they are suitable for merely taking vertical aerial photographs or whether 
they are calibrated instniments supplying pictures which may be made into contour 
maps. 

A whole chapter could easily be devoted to a discussion of aerial cameras sxiitable 
for vertical photography. The following characteristics arc common to all such aerial 
cameras; 

1. The camera must be suitable for suspending in a vertical mount, taking a 
pic;ture tlirough the floor of the airplane. 

2. The mount must be of the gin\bal type or equivah^nt, permitting th<^ leveling 
of the camera in flight. 

3. Th(‘ camera must l\ave level bubbles. 

4. Provision must bci made for crabbing of the camera, to take care of conditions 
when the airplane is moving over the ground in a dilTerent direction from which it is 
heachal owing to cross winds. 

5. Tlui (aiinera must be of fixed infinity focus. 

(>. The shut ter should have a speed range of from .Ifh) to M ta) Tlui shutter 

should hav(^ a diaphragm whicdi may bo stopped down to as much as//20. 

7. The camera must havc^ a rchiast^ trigger which can be oi)erate<l from tlic back 
of the camera, as th(i lens is generally not accessible. 

8. Th(' winding rmndiunism must simultaneously change the film and cock the 
shutter. 

9. The capacity of the film (duunher should he at h^ast 100 ('xposurc's and pT’ef- 
(•rably 250. 

10. Tlu' camera must bc^ ('(pupjMHl with a. view fiixh'r suitable for mc'asiiring pro¬ 
gressives ovcrlaj) of th(‘ piestunss, or <slsc an auxiliary instriinu'nt for tliis ()urposc must 
l)(s availal)l('. 

11. It. is dcsirabh' to haves a esamcra in which fe)ca.l hsngths are intesre-hangeablc. 

12. Thes focal planes of the (snine'ra must hold thes film esxaestly flat. a,(. tins instant e)f 
exposeires eitlie'r by i)laedng it against a glass j)lat,es or by air {)re‘ssures or suestion. 

13. In thes focal phuies of thes catnera esoHimatiem marks must, bes provieleal whiesh 
she)w in e'ach ])hotograph esmibling thes rescovesry of the principal ])oint esf t hes [sictures. 

14. Tins cainesra. must, bes inaeles fress fre)m sta.ti<s eliH(sliargc on thes Him. 

15. All (sanu'ra, esontreds must, bes large* anel esasily l\a.n(ll(*el ses t hat thes ojx'ralesr, ('V’e'ii 
though wesaring Ix'nvy glove's, can adjust, it epiieskly. 

For esbiiepxs photograpliy, eitliesr a btstwescn-tlx'-h'ns or a foca,l-pla,iu* shutte'r is 
Huitables. Fesr ve'rtiesal ])lie)t<>grai>hy, wlxsn pie*t iircs are* to bes uses<l for compilation of 
pre'cise* maps, eenly a. best\\e'e*n-tIx'-le'iis t_vpes of shutte*!' shoulel Ixs ('inploye'e 1. 

With tlxs above gesne'ral spcesifications for the* aesrinl <*a.nu‘ra, a, eshoices must 
bes mneles b(st,vv<*<'n na,rre)\v-angles ntxl wieles-anglc singles-lc'us inst runxsnt s; or inult ilesns 
instrunx'nts. 

Whe-n larg(‘-s(sal(s <l(staile*(l piesluress ares dessiresd, such as would bes most seiitables for 
(■it y-phuining work, a, long-foesns narrow-angles lens she)ul<l hes use'd. Tleis pesnnits 
t hes se'curiug of pie*t iircs esf t hes sanus scales at a. higher a.ll it ude* and minimizes distort ie)n8, 
which will be* disesusse'd hitesr. At tlxs e)thcr extremes esf singles-h'ns ca.nxsr}v utility, we 
finel a wides-aiigles lesns of around ()-iu. foe*a.l lesngt h esovesring a, 9- by 9-in. piestures. Sixsh 
a, ctimcra we)id<l bes usesel in small-se-ales mapping in orde'i* to e-ut deswn the* munher e)f 
pie'tiiress and thes amount of flying aiul is part.icidarly valnalilc in mapi)ing high gre)uixi, 
sncli a.H the lioe-ky Mountain sesestion, whesre it is not peissihhs for t he* a,iri)la.ues to ascend 
high enough to utilize* longest- fociil lengths of esamesnis. For some usess, suesli as military 
arul vesry low coast rcesomuiisarxses surveys, nuiltiples-lctis canKsras tire usesel. Midtiple- 
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lens cameras also have advantages in contour mapping under some conditions. These 
cameras may cover a very wide angle, so that the terrain photographed in a single 
composite exposure may have dimensions four or five times greater than the airplane 
altitude. While such pictures are usually inferior in photographic quality to single¬ 
lens pictures, they have speed and economy on their side and are quite extensively 
used throughout the world. 

Personnel .—There are fewer really competent photographic mapping pilots than iti 
almost any imaginable type of occupation. Out of 25 pilots who would be rated as 
excellent, by all the ordinary criteria, only one on an average will develop into an 
excellent pilot for aerial photography. While practice will improve the perfornuiiuu'! 
of almost any pilot to a certain degree, the main qualification seems to be something 
instinctive over which a man has little control. It has been found that a great many 
pilots can successfully map over so-called '‘sectionized countiy,” i.e., country like the^ 
middle west where the roads and fences all run true north and south or east and w(\st. 
These serve as a guide and greatly simplify the problem of the pilot. The moment t he 
pilot starts over unsectionized country, particularly if he does not have good maps 
available, he is in trouble. Very little can be said, in an article of thisk ind, wliich will 
help the pilot; the difficulties are being enumerated merely as a warning to inexperi¬ 
enced people who may underestimate the difficulties encountered in this phase of 
aerial surveying. 

The aerial photographer should be familiar with general photogi-aphy and shouhl 
be at home in the air. He must be able to estimate accurately his light conditions and 
must be experienced in determining the proper time interval betwerui exposures a,nd in 
turning the camera for the proper angle of crab. 

Organizing the Photographic Mission.—In approaching an aerial-mapping proje<d , 
a proper choice of airplanes and cameras mu.st first be nrade. In addit ion t.o tlu' air¬ 
plane qualifications listed heretofore, the airplane should have a capacity to maintain 
an altitude cousidoral)ly higher tlran the altitude at which it is going to h(^ called upon 
to work. Otherwise it will prove unstable. 

Similarly, a suita.blo camera, should be selected, and the question ns to whetlu^r a 
manually operated or an automatic camera is to be used may depciud upon t.lu^ avail¬ 
ability of equipment and tho. extent of the proj<v.t. While manually oi)erat(Kl (Cameras 
are thoroughly practica.!, (ixpta-ienec has proved that automatic camera.s, which run 
(lontinuously at any desired interval, leave the operator more time to levcd the c.aincra. 
and eorrec.t tlie crab. 

Weather study i.s of primary importance in planning the photographic, mission. 
Within the United Sta,te.s w(ai.t.her av(‘rage.s will run all the way from Iciss than oiu> 
mapping day per month, at certfiin seasons of the year, to as higli as days {X'r mont h. 
Obviously, this is the most importa.nt cost factor. Weather information can gcau'rally 
be secured from the uesirest 11. S. Weather Ihirea.\i Offica^, and natit)n-wi(le w<aitlu'r 
avcu’ages, as they porta,in to aerial mai)ping, are availabh^ through st.udi<*s which 
have been ituuUi by the Soil Coiiservation Service and th(^ Agricniltiiral Adjustm<mt 
Administration in tlu’i U. S. Dcipartment of Agriendture^. 

In seUading the base from which the aii'plane is to opcu'ale, tln^ following factors are 
important; 

1. Communications. It is <!s.sential to get the (exposed film (putdcly to t.h<' labora¬ 
tory so that, it may be checked, to avoid rocairrence of any trouhh'. 

2. Choice of airport. The airport shoidd be preferably close (aiough to tlu^ .area, 
to be mapped so that tho area may he reached during the period th(‘ airplaiu* is climb¬ 
ing, Otherwise flying time is wasted each time tho airplane go(^s out and cmnc's 
back. If possible an airport should be scle(;ted at which United States weather report s 
are available. 
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3. Hangar and service facilities. It is desirable but not necessary to select a base 
where the airplane can be kept in a hangar, and it is, of course, essential to determine 
that an adequate supply of suitable grades of gasoline and oil are available. Airplanes 
left on a,n open field should be staked down, and a watchman should be on duty with 
the ship. 

Considerable stxidy sliould bo made of the tyi:)e of terrain which is to be mapped. 
Thcu’e is some ctioicc^ in the film which is to be used, and this will depend upon the 
characteristic's of the terrain and the camera. The film base may be either standard 
or topographi<^ low-shrink l)ase, depending on the purpose of the photography. Ordi- 
tiarily three filters are carried on mapping projects, viz,y Al, A2, and Minus Blue, 

If the flying is to be done at an oh^vation of 12,000 ft. or higher, tlie crew will per¬ 
form iniudi mor(^ effudenlly if supplied with auxiliary oxygon. One suital)le form of 
oxygtm is a mixt ure of 95 per cent of oxygen and 5 per cent carbon dioxide, whielx is 
iivailalde at. ixny oxyg(m house. The tank should bo (^quipped with a metering device 
so that the flow of oxygtm can be regulated, and tubcis should be made availalxle for 
botli the ])ilot atul photographer witlx ordinary pipe stexxis at the emi of tlu^ taibes, 
''riuu'e are nuiny otiuu* metlxods of supplying oxygeix, and the above is nxerely oxxe which 
is in v(U'y general use. If a consideralxhi aixiount of flying is to be done above 16,000 
ft., the oxyg(m is ahsolutoly essential, Mappiixg above 25,000 ft. shoxild not be 
att(uxipt,(Hi b<H‘a-xisc^ the reduct.ion of pressure at these altitudes is apt to seriously impair 
th(^ lu'altli of the opera,tors. 

Flying for Oblique Pictures.—Before starting off to take oblique pictures, tins 
pilot, should familiarizes Iximself with the pnsvailing altitudes j'equircumuits of the 
1 )<spa.rt numt of Conmuavc': and local ordinaruses sii(*.lx n-s arc in ('ffcMst in many coin- 
rnunit i(»s. H(dbr<^ an obliqxu* flight, is att (snij>t.ed, a (uu'efxil analysis of th<^ siil)ie(*t, to he 
ph<>t<)gra.i)h(Ml should Ix^ inad('. Buildings, for (xxaanph^, having <‘a.st (^xposun^s should 
l)(^ shot in I In'! morning, sout lx ('xposur(\s at midday, west ('^xposur<\s in the aft.ernoon, 
and ixort h (‘xposun^s pn^ferably iix ( he sumnuu* scxison (‘arly in t.lxe day. 

Th<* (a)mposit ion of (he {xicture must Ixc givxm a. proper amount of thouglxt. For 
<‘xainpl(\ most pi(‘lui-('s are uioro |)l(‘asi!\g if ta.ken at a fairly flat, a.ugh’!. T''hus, if (tie 
city ordinance's r<Hpur(^ that, an altitxuh'; of 1500 ft-. Ix^ nxjiintained a.nd if it is de<uded 
that a. suitahh’! a,ngl(^ is -15" from tlu^ horizontal, tlu' n<'a,r('st (hat the atr{)huie (uui get 
to th<' subj(M*t. is t h(‘ liypot Inunise of a. tria.ngle Nvhi<ti is 1500 ft. on <‘a.(*h si(l(^, whicdi is 
ahoul 2200 ft,, away. Tlx' siz<' of tiu': image (%a.n now ix* dc't(M-mimal. 'Thi^ staih^ of ttu^ 
image is arriv('d at by t lu' following formula.; — />//. '’rhis ini*a,ns the sc.at(' Kxjuals 
( h(‘ (list nin*(‘a way />, di vi<i('d 1 )y t h(' fo(*aJ hmgt h /. Thus, if a, 12~in. foca l hmgt lx is to 
l)(^ us('<l at a, (lislniua^ of 2200 ft., we have!; 

== = 183 ft. ix'r in. (1 ) 

In oth('r words, a,n ()l)j('<*t on tlu^ ground whi(*h is I S3 ft. loftg, at right, angh's to thc^ 
l(‘ns axis, will a.})pi'ar 1 in. long in tlu' jxhot.ograph. (k)ns('()U(mtly, a fairly large' 
building undcu' th(*s<' eoiidilions is going t.o (xaaipy only a small fraetion of tlu^ total 
f)i<tur('. Itiought. should Ix' givi'ii a.s to the cx)mp<^sil,i()n of th<^ n'st. of tlx^ pi('tvir<', 
f.r., how much skyline to imtixh^, vie. It, is (‘uslomary wluai ta-king a, small objcx't 
liki' a. building to sul)S('(]uent ly (*nla-rgc: lhati six't ion of tlu' pi(tur<' whi(‘h contains the: 
building. Cionv('rs('ly, t lx‘ ax'riat photograplx'r is rr('<|ix'nt ly calk'd u})on to })hot ogra,ph 
sul)j(x*ts which ai*(' so ('xt(‘nsi\M‘ l\\al wlx'n tlx' pictuix' is takem from a. distnixx' gi'i'at 
(‘uough to inchuh' t IxMUit ir('suhji'ct, tluMlc'tail Ixx'onx's (lisapi)oint ingly small. fltuis, 
for (‘xa.Tnpl(‘, if pietur('s ar(' n'fjuin'd of a. si'ction of a city with oiu' mih' in i lu^ fore- 
gi’ound, th(' [)i(‘ture may Ix' so tak('n tliat tlx' mih' oc<*upi<'s t) in. of image'. Thus the 
s<*ah' of t h(‘ forc'grouud of tlx' pict ure will Ix' 


( 2 ) 
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In this picture, a building which is 88 ft. across will have an iniage size of only j'o in. 
This question of scale and coverage must be settled in every instance by a study of the 
purposes for which the picture is intended. Oftentimes, it is not possible to got a 
satisfactory amount of detail of a large tract all in one picture. In such a case, a 
series of pictxires must be taken, peihaps some from close up and others of a, general 
nataire. It should be kept in mind that an overlapping series of obliqiie pictui-es (;an 
not be inosaiced into a unitary picture. 

After all the details of tin; flight have been planned, it is the pilot’s duty to get t he 
airplane to the proper place, and at the proper altitude. Oblique jhcture.s should not 
he shot with the camera axis pointing at right angles to the airplane hec^anse at thi.s 
angle the speed of the airplane is almost certain to result in blurring. The airplam; 
should be maneuvered so that the camera can be pointed as far toward the tail of the 
ship as possible without actually photographing the tail. As t he pilot approa<d»(‘s tl^(^ 
point at which the photograph is to be taken, he will throttle back the sliip so a.s t o mini¬ 
mize engine vibration, pull the nose of his ship up so as to slow down the sptu'd, and when 
he gets to the point of exposure which he has probably been approa(dung at right angles 
to the direction from wdiich the photograph is to be taken, he should turn tlu! ship 
slowly away from the object, giving the photographer a chance to shoot toward tiu; 
tail when the desired position is reached. 

The photographer will find that it takes a considerable amount of pra,(d.ic(i to Inindhi 
a full-sized aorial-ma,pping camera. Owing to vibration imparted from llu^ airpbim; 
and angular movements due to not. bolding the (;ainera steaily, a. fairly ln.rg(^ p('rc(>n( age 
of blurs appear in the work of beginners. Many oblique pl>(>t()gra.i)li('rs sui)]>ort t in; 
camera with a sling of rublnu' shock (!ord while others employ the i)ract,i(a^ of holding 
the camera entirely chair of the airplam; structure, pulling it back snugly against t heir 
chest at the instant of (;xpo.sure. 

If the aerial pboiograpluu- is a.(l(;])t a.t his work, be will lx; ahh; to ta,k(' about, t hree 
pic-turcs, each time t.lu; airiihuu; pa.sses the siil)j(;(;t, om; slightly Ix'fon; the dtisinal 
position, one right at it, a,nd one slightly a.fter. With a suitahh; canuu-a. t in; |)botog- 
raphe.r should lx; alih; to ta.k(; about oik; picture (;v(;ry b s(;c. 

Flying for Vertical Photographs.—Planning tlu; fliglit for vertiiad-ntap phologra plm- 
is of the utmost iinporta.nc.e. h'inst, the b<;st suitable map of llx' anui should 
lx; st;c.ured. In most of tlu; (l(;veloixxl parts of the United Sta.t(\s, tlx; maps pulilislu'd 
by the U. S. Geological Burvey an; avaibilih; a.t stali()n(;ry stort;s and afford tlx* Ix'sl. 
typi; of information for a, flight ina.p. If tlu; flight, is of an aix'a. of which m; suitsilih; 
maps exist, it is necessary to have a p(;r.son who knows the boundarii's to lx; 
mapped fly along in t he airplane and jxiint them out or (;lse tlie cornm-s must Ix' marked 
cu tlu; ground. Tins may lx; accomiilislx'd by marking tlx; corimrs with long strips 
of ch(;ap white clot h, in t he sha.}x; of a.n 1j, tlu; a.pex being a.t t lu; corners of t lu' projun'ty. 

In most instances, U. 8. Geologiiral Sur-v<;y maps will be a.va.ila.l)l(;. On this map 
the boundaries of tlu; pr()p(;rty should lx; indica.t(;d by Iin(;s drawn in colori'd [xmcil. 
All lines on the; flight map should bo lu;avy so as to be s(H;n at a glaiici' by I lie pilot. 
Aft,(;r tlu; bouruhiries arc plot.ted, tlx; direction of fliglit liiu's irxist, lx; (hfliu-miiuxl. If 
tlu; terrain is flat and if then; is no good rca.sou for flying in some ot lu'r din'ct ion, it is 
customary to fly north a.tHi south lines. If, on the other lunui, tlu; area, is of a. long, 
narrow va,lley running in sonu; other direction, tlu; most ecorxiniical flight arrangenumt 
is to have; the flight lines paralh;! to tlie length of the job. 

If the terrain is inounl.ainons, the preparation of tlx; flight map Ixxionu's more' 
complicat(;d. In ord(;r to secure [liedures at the desired sca,h;, tlx; a,r(;a, is frexpumlly 
zoned ac(;ording to ground (;levat.ion. In other words, a,n atteunpt is madi' to have- llie 
airplane fly as nearly as possible at a constant altitude above tlu; various zones of 
ground (;levation. In this case, tlu; flight lines should prelbrably lx* parallel to the 
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gi'iuTsil trtnul (>f the topography. This niouu.s thoy should be parallel to the main 
riv<*rH jukI drainage. In order to determine the altitude A above ground to fly, the 
following formula, may be used: 8 = A/f. This formula is practieally the same in its 
fumlnine'ntal conception as the one xised under the oblique section of this article. For 
<'xniupl(^, if a scales is desired of 1 in. — 1500 ft. and if the camera to be employed is 
of H’ .i in. focal length/, the altitude may be determined as follows: 

1500 ft. = ^ (3) 

1500 ft. X 8H == A (4) 

A = 12,375 ft. (5) 


A factor which may confuse: the beginner is that t here are two methods of expressing 
scale. A Sivih' may lx* cxi)r('ssed, for example, as 1 in. = 1000 ft. Another way ot 
expressing (he same scale is 1:12,000 or 1/12,000. A scale stated in either of the 
latter two ways may be rc'duced to feet per inch by dividing by 12. For example, to 
(letiTiuine the nundan- of feet per inch when the scale is given as 1/20,000, divide 
20,000 by 12, givdng a.n answer of 1 in. = 1667 ft. 

hi txstiinating t he cost of a, photographic flight, it is, of course, necessary to deter- 
iiiiiK* the' numlx'r oi ex])osiir('s and the amount ol flying that will be involved. This 
will dcix'iid uixm tlu^ .specificat ions as to scale', progressive overlap (which means the 
amount that (‘ach picture must oviulap the next consecutive pictui-e), and strip 
overlap (which mi'ans the ainmmt that each .strip of pictures mu.st overlap the adjacent 
strij) of pictures). The spcadfications in mo.st common use today call for a scale of 


* jj, — 1 C,C )7 ft .) h 5 pi'i- cent, with the pictures taken so as to have 60 per 

I)r<()v<'rljip <ui(l 30 peu* cHuiti st»iip ovoiitip. 

If th<‘ strips must overlai) 30 per cent a.n<l if the pictures are 9 in. wide, 30 per cent 
of ('ach picture, or 2.7 in., sliould overlap. This leaves a net wddth for a. 9-iu. picture 
of t>.3 in. This 6.3 in. at a .seah' of 1667 ft. to the inch gives a distance of very close to 

to ."ilM) ft ns the .sepjirat ion b('tw('('n flight strips. 

’ If du' spf'eilieation furtln'r napiin's that the progressive overlap be 60 per cent 
nod if 1 be si/.e of t lie m'gat ives is 7 in. in the direction of flight, then the overlap of each 
picturi' will he 60 per cent of 7 in., or 4.2 in. Therefore, one picture must be taken 
for cnch 7 in. minus 4.2 in., or 2.8 in. At 1667 ft. per in., a picture will thus have to 

Ik' taken <'vcry 4670 ft., approximately. 

W(' can now (U'K'vminc tlu' number of ])ictur(!s requircKl to 
hiving t h(' strips t hat I he airplane will fly olT on our map with a separation of 10,o00 tt. 
and m<"isuring the length of (uich strip a.nd dividing this dustanee by 4670, we can 
aol.nninc tlx' unmhc'r of F>i<-turcs required for each strip and by adding up the sum of 
th«' strips the total I h<x)n'tica,l nundicr ol pictures lor the aiea i.s deteimuud. 
slionld l)(‘’kcpt in mind Mint spc'cilications usually require that the pictures cover a 
ccrt-iiii amount, Ix'vond the actual boundaries of the area. It is the most common 
1„ „,,.,,,i(v'l,hal. al, l.-aal 2r, of the vvi.lM. of tho p.oture» nmst cover 

laiKi.lo Ihc Li.lc houialarics of Ha, Job aiul If,at at least two pieUiro coite.s must 
1 - n i I itu> tioimdarv at tlu' ends of each strip. Experienced organizations 

[.'ill beyond I .ro.H'rallv ta,kc 25 per cent more pictures than the theoretical 

nuqiping a luig(' at . g ' .,,ntrv tin' theoretical nuinlxw i.s frequently increased by 

:(:;:;r;:eo,'':,:';:;::t:::r^ .. 

‘■'■'‘T.',',i;'t‘,''naininK I la- numl.e,, of pieture-s wl.iel, will la, required to ‘’"y’ 
variatio'm L the eleva, io.ts of the «ro„„<l muat be tahen .nto eons.derat.on. If the 
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variations in ground elevation are not sufficient to require that the area bo broken 
down into elevation zones, the elevation at which the airplane will fly is generally 
calculated from the mean elevation f the ground, in which case the overlap, bot h 
progressive and strip, must be calculated for the maximum elevation of the ground 
(Fig. 7). Thus, if the desired scale is 1 in. = 1500 ft. aird the theoretical airplane 
altitude is 12,375 ft. above a mean ground elevation of 800 ft. above sea level, tin; 
airplane must fly at an elevation of 13,175 ft. above sea level. Now, if ther(^ a,re hills 
going up to an elevation of 1300 ft. above sea level, the scale for the flight should be 
figured as follows; 13,175 ft. - 1300 ft. = 11,875 ft. 

With a focal length of SH in., this gives a scale of approximately 1 it». = 1440 ft., 
rather than the theoretical scale of 1 in. = 1500 ft. The scale of 1 in. = 1440 It. must 



7_—xf the piano does not fly over levtd Kround, the scale of ihc! pho(.oKra,i>h will not he 

uniform, a.iul <»orro(^(,i<>ns will bo rofiuirod. 

be used in laying out tln^ s(q)araiion IxdwMMm strips and d(4.<'rmining Ihc progr('s.siv<^ 
<)V('rlap of the i)ic.tur('s. 

Aft(‘r th(‘ fliglit lias be(‘n iilaiuuxl a.nd tlu' flight nnip prepared, flying may b<‘ uiuh'r- 
t,a.ken. The jiilot should so plan his p<u-iod of climbing that h(> is over Wu' anai fu Ix' 
nia.])ped as nuudi as jrossibhu 1 luring this tinui lu^ should study tlu* area in rc'lation 
to th<^ map, hxai.iing the l)()unda,ries so that wlum tlu; nnipping md.ua.!ly starls, hc' will 
hav(^ l lu'se Iwundaries firmly in mind. He should also pick out prominent topographiir 
F<!a.tau'(ss lying in the prolonga.tion ol the; bouiulary, marking the bc^ginning a.iul <*iuling 
of llui Hl-rips. He will fnapimitly find that there is nothing exact ly under him by 
nx'ans of wliieh to determine the boundary, and hc will often lx; (hqxuxhmt upon 
aligning liimsedf in between tlx; two distant ol>.jects. As the airplane a.pproa.ch(‘s th(‘ 
maj)ping aU.itnde, tlx' out<sid<; temperaturt; should be noted. T-his t.empeu’atuM; should 
normally dec.r<;ase apxiroximatedy 3“F., or 2®C., for eaedi 1000 ft. ot inere<a.sed (deva tion. 
If the air teunperatpre varies consideraldy from this tluxn-etical gra,di<;nt, tlx; ulf iimder 
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will 1)(> considerably in error. For example, suppose the nilot . uu 

f<‘Jui>(‘rjitiiT’f‘ r-vf -i_oo°r^ -fj;.. A • i• pilot taKes on with a ground 

ing tluH altitude the temperature ^t'drVped"ontyTo''+1^0°C 

< * M It K gions or under conditions of extreme winter cold. The following empirical 

< mill's our'^ ' on.ployed for approximate corrections. If the quantity in ?he bLket 

irgiven hv"""""’ ' ' '' descend; if plus, ascend. The correction 


C = 


A 

hOO 


30 


500 


T, - Ta 


ftu 


’■re /I = indicated altitude from altimeter; 

/ </ = temperature on the ground one hour after 
ft. of ground elevation above sea level; 

Ta — temperature aloft (Centigrade, outside of 
If ipuiutity in bracked, comes out +, ascend. 

If quantity in bracket comes out —, descend. 


sunrise, plus 2°C. for each 
cabin in free air). 


1000 


K.ram pit': 


A 

T., 

Ta 




(' 


15,000 ft., flying field at sea level 
-f-30"C. 

4-10"C. 


30 


10 




15,000 _ 15,000 

500 I ~ 500 

50 130 - 30 - 30 -101 
50 ( -40) 

1200 ft., (minus sign, you are too 


high, go down) 


l’p'>ii rea.ching (he (hisirtul ait itude, the pilot should trim ship and start down the 
course a1 n eonslaid air spc'e'd following landmarks or in accordance with the compass 
reading. In (lu' Ix'ginning of (.his s(,rq), he should line up at some distance ahead two 
easily n‘e!t)gnizt'd hindinarks wbicdi can l)e used as sights for checking drift. If there 
is a cross wind, lu^ will no(,(^ almost immediately that he is drifting off this imaginary 
liiH', an<l he should at onc(> eoinmema; to crab the sliip into the wind experimentally 
un(il h(' finds (he th'sin'd aniount of crab to carry him along the predetermined course. 
Having <l<d(‘rmiiKsl the propca- amount of crab, he should continue along this course 
uliile (ho pho(()gra|)h(‘r (urns his view finder the correct amount to compensate for 

1 he t'ral > Ilf ( 1 h> airphuu^ and makers ( he ruaicissary time studios (if he is going to operate 
by tiino) (o dtd.enniiu^ (he in((u-val betwcuvn exposures. When the photographer has 
comphd od his (hdc'rmiunl ions, tlui pilot should turn around and backtrack on the 
lamrse following (he sanu^ procculure in t)rd<u' to deterniino the time interval on the 
hack c<mrs<c As soon as (.lie pho(.ographer lias completed his studies on the back 
<-<»uise, (lu‘y ii,re rea.dy to start, mapping. The pilot should settle down on the course 

2 or 5 miles ouisidc the bourida.ry, and the photographer should get settled in a 
lamiforl n.bl(‘ posit ion from which be should move as little as possible, as his movement 
will affoel (li(‘ (rim of ( lie shij). Tliere is some difference of opinion as to whether the 
pilot should inst ruct, (be pho(.ogra,plier as to when to start photographjy, or vice versa, 
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Most operators consider that the pilot, who has the more comprehensive view, is in a 
better position to determine this than the photographer, whose head is down looking 
through the view finder. 

As the flight proceeds down the strip, the photographer should watch through his 
view finder to pick up any variations in drift. Frequently he is able to detect this 
before the pilot is and should have a signal by means of which he can notify the pilot 

in case the crab changes abruptly. The photographer 
must also watch the level bubbles on his camera, must 
frequently check the time interval if he is shooting by 
stop watch, or must constantly wa,tch his finder, if he is 
shooting in accordance with the image travel between 
two pi-edetermined lines on his finder. 

Previous to the flight, the pilot should arrange a 
sight by means of which he can determine where t he 
center line of the next adjacent strip may fall. Oiu‘ 
simple way of arranging this is to cait out a, wooden 
block with a straight side which can l)o placed against 
the window of the ship (provided the w'indow i.s vertical) 



L e veJ bub'b/e - 


Fig. 8.- 


K B >1 

-Sighting block. 


with one edge of the block angling away from the window along wliicli ht‘ can sight. 
(Fig. 8). This ov<u-lap bhxik ca,n i')e laid out as follows; 

It a picture 9 in. wide is to overlap t he picture of the adjacent strip by 30 pm’ cent, 
we previously determiiKul (hat the strip spacing is 6.3 in. at the scale of the pictnnu 
Assunu^ now tha.t a. camera, of 8.2.6-in. focal length is being used, then 8.25 divided 
by 0.2 eciuals t he proportion of the base to the altitude of the triangle along which t lu^ 
pilot will sight. In the illustrat ion (Fig. 8) a simi)lc form of blo(dc is showji in which ,'l 
n‘preH(mts the focal length and 3 repnssfmts the strip separation. 

Tlu^ pilot should endeavor to line up sights on the airplane itsedf, so tlmt h(^ do<*s 
not ha.ve |.o use the block continuously. For (‘xainple, he may possibly he able to 
sight across t.h(‘ window sill to a certain point on the tire or tlu^ wluad. He will find 
it helpful if lu' frequently nuikes this sight, as he goes down a. strip and nunemixu’s 
t.hc;se point,s as the centc'r liiu' of tlui next a,dja,cent strip. Siudi a i^nxualun^ will proven 
almost imlisixmsaldc' in det<u’mining the amount to move over at the: end of t he strip, 
unhiss lu' is so fortuna te as to ha ve country with a,n abun<hinc(' of (h't ail and (‘xc(dl(ud. 
maps so that he may s(de(d the starting point of e:a.ch strip by coitiparing tlu' map with 
t h(' ground. 

Tlu^ work should lx* phimu'd so tliat, insofar a.s possible, it is not. neet‘ssa.ry to 
clia.nge rolls of film in t he middh^ of a strip. It is \isually (M‘onomiea,l to clumge rolls of 
film at t h(^ end of tlui st rii), evum thougli 10 or 15 exposures may Ix^ wa.sted. Tlu' valm:: 
ol this wa.st.ed film is usually less t.ha.n the cost of operating the airplane while tlx' pilot 
<‘irclt\s around waitiTig for tlx^ phot.ogi’apher to (duinge tlu^ film. Furth<u’mor(>, tluu'i’ 
is always a. strong possibility t hat the pilot will not be abhi to |)ick uj) fix' same line 
wit h suflicient, precision to giv(' a,n a.ccepta.ble connection. 

Laboratory Operations. Developing the, Many different formulas are used 
in t.lx^ develoj)nH‘nt f)f film, depemding upon the operator, tyqx^ of country, aixl the: 
purix)se for whicdi the: film is to 1)C us(k1. In country which is tnutuuxlously con¬ 
trasty, su<di as alternate gna-n fi(dds and very light-colored soil, a soft d<*v(dop<‘r, 
such a.s a borax, is preferable. On the other hand, if the country has a itioimtonous 
chura.(d,er, such as d(w('rt or tiitiber, the film should be developed with a tiiaximum <>♦' 
contrast., such as ca.n be obt ained with a pyro developer. 

Making the Prinin.—ln making the prints from the film negatives, it is advisnbh^ 
to have available the full range of contrast in contact papers, as frequently films in the 
same flight will give the best results on widely varying contrasts of papeu*. 
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Piet urns whi<‘h are to be \ised purely for visual observation, such as obliques, or 
pi<‘tur('H vvhi<‘ii are to be reproduced by half-tone cut should be ferrotyped. Prints 
tor all other purposes should not be ferrotyped as this process distorts the image. 

Prints \vhi<’l» are to l)e used for any sort of precision work should be made on one 
of the s<‘V(‘raI typos of low-shrink paper, such as Air Map Special or Positype. If 
the prints are not to lie used for the utmost precision, ordinary grades of contact paper 
nniy lu' us('d. 

Prints whi<>h are put through a drum drier are appreciably distorted. For 
preeision work, prints should be dried face down on cloth in the ordinary atmosphere 
ot th(‘ room witlsovit the us(‘ of an electric fan. 

/ tuii ,nng. 'I’lu're are a variety of ways of indexing an aerial survey. Sometimes 
the area covered by <‘a(*h photographic print is drafted on a map such as a U. S. 
(Seological Surv(‘y ttiap, but. the preferred way with most customers is to assemble 
a set of contact prints in their proper relationship and either draft thereon large 
nwtnhers or paste stick-up numliers on the prints and copy the assembly on a large 
m‘gati\a*. 

Prior t<» the Tnaking of suiy prints, the question of numbering the negatives should 
b(‘ <*onKidcrcd. A number which shows in the photographic image detracts from the 
art ist ic value of an obli(|u<^ jiict ure, so that for this type of negative it is most desirable 
to number the (ibn in tln^ margin and write this number on the back of the print at 
tin' tijne of printing. It is advanta.gcous to have the number show on the face of 
prints which an* to la^ usial for va.rious mapping purjioses, and most vertical negatives 
are numben'd wit h (a'lluloid ink eit her freehand in a corner on the celluloid side of the 
him or are stamped on wit li a, jiumbering machine. 

Many <'ontractH refinin' that the final prints hoar consecutive numbers. This 
ri'fptires that t lu' him imme<liatfdy upon development be assigned temporary numbers 
whieli an' writt.t'u in the <a)rm'r of the him with an ink that can be washed off. After 


all tlu' nights hnvf' la'f'ii eoinpletfal, rejtictcd film is eliminated and the final index map 
eompile<l and numlx'n'd. list, can now bo prepared by which the temporary 

numbf'rs tna\' bt' la'inovf'd from tln^ film and replaced with the permanent numbers. 

Compilation of Maps. lOverything pc'rtaining to an aerial survey should be 
pl:inue<l with I lu' ultimatf' purposes for which the. survey is made in mind. If the 
pictures are puri'ly for pictorial purposfiH, the matter of a, small amount of lens dis¬ 
tortion i.s generally negligibh'. If, on thcf othcir lia.nd, the pic'.tures ai'C to be used for 
tin' making <>f pri'cisc' mosaics or a.re lor th(f purpose of dcd.cu'iuining land area or if 
they are to b(' ullitnalf'l.v usf'd in t In': compilation of planimetric or contour maps, 
the charactcrist ics of tlu' h'lis Ix'f'onu' of pa.ramount importance. For precision work 
a lens which is subsl.-ini ially distort ion fr('<' must be usc'd. For this purpose the 


Nvmn.efrical typf' of h'li.s is g('iuM-ally suitable. If the operator proposes to use any 
lens winch h.'is not Ix't'ii cspei'inlly designed for aerial photography, he will be wise to 
M'lid the lens to the National Burmin of Standards, Washington, D. C., to have its 

eharael ensi ics d<'l ('rmitX'd. _ 

It shouhl Ix' kept in mind tluit., \vhil(' I lu' dc'linit ion of a. lens (uin be improved by 
stopjxng it ilown, its distortion eh:ira.et.i'riHt.i('S remain substa.ntially the same at all 


ben ICS for obliipie purpose's may liavt' Jin absolut.e dist.ortion of image ol as much 
n~. 0 0.') in without sf'riouslv impairing the a|>pea.nuie.e ot tli(' picture. At the other 
,■^treme of ]>r<'ei,sion. a. lens whie'ii is to lie used for contour mapping should ordinarily 

have' no distortion grca,t.cr t ha.n 0.()()()f> toc.al Icngt.h. ^ 

.\ll pr.'cision mapping by aorial photography is contingent upon the picture having- 
been takf'u with 1h(> hms axis vertical. Any departure from a vertical lens axis is 
ktx)wn as t ill.. Af'tuallv the tf'rm vf'rtie.al picture is generally used, whereas geometri- 
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cally the important factor is that the focal plane be horizontal. If the focal plane is 
truly horizontal, the resulting picture, if taken through a distortion-free lens, is a true 
conic projection of the ground. When the focal plane departs from the horizontal, a, 
perspective picture is secured in which lines which are parallel on the ground will con¬ 
verge on the photograph. If the tilt is slight (less than 
L/ne of common 2°), the resulting errors are fairly negligible from the 
scar e standpoint of most map inses. If the tilt, however, ..i 

^ greater than this amount, the pic.tures must b<‘ rectified 

1 before they may be considered for the basis of map (M)m- 

pilation (Fig. 9). 

X| For the purpose of correcting tilt, a rectifying camera. 

/ 1 \ is employed in which the nega.tive and easel a.re inclined 

^ ® into conjugate focal pla,n(is to (U)inponsa,t.e for tlu^ (ill. 

^ ^ ^ Rectification is too complica,ted to iTion’i than mention in 

"^c article. Details are fully available a.t a.ny good library 

Fig. 9A.— Tilt of earn- (Fig. 10). 

era results in photo- A factor which is oven more difficult to handle! t,ha,n tilt 

graphing a trapezoidal from the standpoint of map compilation is tlui va.riaiti<)n in 

^ rectangular irregularity of the surfac:e of the eartln II, 

for example, a truly vertical picture is f.akc'u of flat but 

uniformly sloping ground, a picture will be secui-ed with characiteristics vcu-y simihir 
to a tilted picture. Such a picture may be substantially corrected in tlu-: reclifying 
camcira. 

When the surface of the earth is irregular such as in mountn.inous c.o\intry, t.lui 
problem of compilation of a precise map becomes much more diflicult. In sucli a 


/socenfer or sca/e pofnf 
where norma/ and 
fi/fed focalp/anes . 

In iersec 


dTi/fed foca/ 
plane 

irNorma! focal 
plane 


Principal pofnf 
where lens axis 
inierseefs focal 
plane 


Nadir pofnf where 
verffcaf ray infer- 
seefs focal plane 


Lens 


VerficoJ axis - 


'TUfed axis 


I N 

Fiu. 9/?.—Di 2 igra.m illustnitiiig t.he Hue of .sight and idiou' of film when (niniorii is levtd iiixl 

whcMi i'.arnerii is tilt.<'d. 

c.aH('! then! a.r(‘ no lji,rg(‘ uniform slojx^ a.nms, a.n(l in otxU'r t.o !u*hi(“V(‘ a. precise' re'sull, 
<dabora,f,(; mcifliods or nuudiincs nui.st be usenl. 

l)iff{W(m(H;s in el(wa,1.ion of tlui ground nssult in radial displae'.eiiumts on (In' phofo- 
gniph. If, for example, a tall telegraph pole falls exactly in the c('.nter of tlu^ pied.un^ 
(Pole 1, T^B^, Fig. 11), th(^ top of the pole will appea,r exactly HuperimpoK(Mi ov('r its 
base (libi). If the same telegraph pole is photographed any place else in tlu^ [)icturc 
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Other than in the exact center (Pole 2, T 2 B 2 ), it will appear as a radial image with t 
loj) displa<'(‘<l radially ovitward from the base of the pole it 2 b 2 )- Thus it will be se 
t hat a vc'rtioal photograph of rough terrain is a completely distorted image, with ea 
l>oint. being out of position along the radial line passing through that point by 
amount whii'h is the result of the height of the object and its distance away from t 
e(‘nt<>r of the piet.ure. The radial-displacement 
binnula is fundamental in aerial photography 
and follows; 
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'I’his nit'ans that the true radial distance Ri is 
to tins <liHplaced radial distance Ro as the 
th('<n'«'tical altitude of the airplane above 
(hittun /'d is to the atU.ual elevation of the 
airplane above the part icular picture point JS 2 . 

Another way of expressing this situation is die vertical or of sloping grot 

is effected in a rectifying camera, 
as o o\\. . source of illumination; A”, negative 

lens; E, easel; P, point at whicli pi 

_ i ( 7 ) of negative and lens must intersec 

/ effect perfect rectification. 


Fio. 10.—Rectification of phe 
graph exposed with lens axis til 
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winch mcan.s the difTcuamce iu scale equals the ditference in elevation divided 
tile hx'al h'ligth /. d'hus, if there is a ditferenec in elevation of 1000ft. between 



Kio. Il.t. Image' of two poles 
(•■\ag:K<'i"itcil) as seen by the catma-a 
'I’Ik' j)o 1(' 1 u( /i/>i is oil the 
(ijitical axis, wlaacas pole 2 is not. 



ca,mera, iihotograiihing an object on 
oi>tica,l axis, and another object re¬ 
moved from the axis. 


lop nl 
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ami the datum scale of the flight and if the cauu'ra used for photogri 
length of 10 im, w<' hav(‘: 
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1000 

id 


100 ft,, per in. 


, 1 ,, (he top of this lull will be 100 ft. per in. larger tha 

.i.atum .scale of the picture. C'arrying this a step further if ® ° 

(Ij IP I i,i iooo ft,, (he airjilane will be flying at 1000 X 10 10,000 . 

(h, datum (.lane. If, while flying al, this elevation, a mountain is photogra 
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which rises 1000 ft. above the mean datum plane, the scale of the picture at the top of 
this mountain will be 1 in. == 900 ft. 

By the use of the last formula, a picture may be taken into the field and the scale 
determined at a given ground elevation. Then, if the field operator wishes to know 
the scale of the picture at some other elevation, he uses the difference in the elevation 
and the focal length in this formula, which gives him the desired scale of the picture 
at the new ground elevation. 

It should bo kept in mind that this difference in scale I’esults in a radial displace- 
memt of the image. Based upon this futidamental geometric relationship, methods 
have been derived for map assembly which are known by the general classification of 
‘ ‘ radial control. ” 

Compiling the Mosaic Map .—Rough mosaic maps to give approximate picture 
information only arc froqviently assembled with complete disregard of the radial 
displac.ements dcscril:>ed in the last section. A map so assembled may be a reasonably 
good general picture, but, in putting it together, sections of country will be entirely 
lost where the ground is higher than datum and double images of terrain will occur 
wlxere the ground is lower than datum. In other words, on the high ground where the 
sc,ale of the picture is too large, the image on two adjacent pictures is too large to fit 
!i.nd some must be cut away and entirely sacrificed in joining the pictures up. When' 
the ground is too low, t he images are small and fail to meet, with the rcsvdt that at tlu' 
junctun^ <loul)le images will appear. Thus, if two prints were being joiiuvl in a rough 
mosaic, and the pi<d,ur(’iS <H)ntained sloping ground, part of which was above datum a,nd 
part l)elow dal,mu, the two pictures would join up perfectly at the datum (devation. 
Above the da turn (deva tion, ])a,rt of the imago would be lost, the amount lost incrc^asing 
as t he <dc;va.t.iou of the ground becomes higher. Below datum, double images would 
appeal.!’, gcd.ting fa,rthor and hirther apart as the ground elevation dcc.rea.ses. Under 
thesis circumstances, a, skillful mosaicer can make a reasonably acaieiitable picture by 
carefully (dioosing th<‘ j>la,ces to cut the pictures together where the loss of image or 
<loul)l(^ image is not going to be a|)i)a.rent. However, tlui user should be warnetl that 
ma.i>s (Munpilcnl liy this met hod are highly inaiauirate whetluu’ the error can be easily 
seen or not. 

h'or ma.ny jiui’iiosi's t hese rough mosaics, in spite of tludr errors, ar<^ gooil emough. 
OiK^ sa.t.isfa.<d.()ry way f)f assembling smdi a. rough mosaic, is to ta,k(i a good basi* map. 
such Jis a, U. kS. CJ(M)logical Surviw slu'et, enhirgc: this to the scale at whiidi t.he mosaic 
is i.o be a,ss(Mnbl(Ml a.nd paste t his (Mdargiul bromiile print of th('. Geologiea,! kSurvey mail 
on a. piece of comiiosition board. TInm the ])ictures, comprising tlu^ mosaic., ea.n ho 
pastiid down in t heir ap|)ro.ximat(' positions by making the major detail of the pictun's 
mat.c.h t.o t.lu^ Chuilogical tSurvey map. This method may be (iuit<i successful if th<' 
dilTeriima's in tin' (diwation of ( he ground arc slight and if the flying has lieen skillfully 
done and a. uniform all.itudi' maintaiin'd. 

In laying a. preidsc' mosaic, the first, essimtial is a,dequate control, '^riiis c.ontrol 
nmy be t he II. S. (h'ological Hurvity map enlarged to scale a.a outlined in the previous 
paragraph. h'n'ipu'ntly, howc:V<'r, such nia.ps are not available, or if available were 
made ma.ny y(>a,rs ago, wlu'n t.lie art of topographic mapping had not iirogressed to a, 
point, wlu'rc (In' resulting maps wo.ro accurate. 

If the ojK'rator is so fortunate as to havt^ a modern Geological Survey map avail- 
a,ble, he may approach tlu' problem of making a precision map by measuring th<‘ 
distance bet.wei'U identifiable obji'cts on the U. S. Geological Survey map and (aim- 
paring this measurement with the corresponding objects on the coidaid, print. .4 
ratio can ther<'by be established for the enlargement or reduction of the contact print 
to tit the ]>articular ]wint.s measured on the Geological 8urv('y map. The print 
which is made' to such data is known a..s a ratio print; it may be pasted down ov(;r th(> 
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Geological Survey map and will be accurate between the points from which the 
measurement was made. This method of map making may be carried to considerable 
elaboration if the use to which it is being put justifies. For example, from the con¬ 
tours on the Geological Survey map, the picture may bo broken down into small 
parts, each to be considered as a uniformly sloping plane. One print may then be 
calculated for each such small part of a negative and made in a rectifying camera. 
From each of the sevei’al prints representing a small part of the one negative, the part 
for which the print is designed can bo cut out and pasted in its proper position. In 
this way, the large errors are reduced to many small errors, all of which may be brought 
within the tolerance of a specification l>y proper care. 

Another method by which precise mosaics are made on the basis of available 
contour maps is called pyramiding.'' By this method, the contours are transferred 

from the Geological Survey map to the print, and depending upon the prennsion calked 
for in the specification, a separate print is made from the sa.nu^ nc^gative for <^acli zone 
of elevation. If the map is to be very i>re<use, one print may be mad(^ for every 100 ft. 
If the specifications give greater tolera.n<*<\s, 
a print may be i:na,de for every 500 ft, or 
every 1000 ft. These va,rying prints ar<* 
then trimmed in accordance with tlie (‘on- 
tour line repx’csenting the elevation for 
which the x^rint was dt\signed, and tdie prints 
are built ux> one on top of the oth<u' with 
t hear (amt(U's .superimposed, wi( h t-h<' largest 
rat io {)rint. on t h(‘ bottom and tln^ sma.Ik\st 
one on the top. ^rhis is a, V(‘ry ixalious arnl 
\'ery (^x|)<msiv(' imdhod of mosaics <a)ni|)i- 
lation V)ut has beem fre<]uimtly us<m1 wIhm’c^ 
th(' r<‘sult ing ])r(Musion justifual t h(' (‘ost. 

By far th(^ most (‘ommon pra.<‘i i(‘(' for th(‘ 
assmnbly of prcausc' inosau's is by 1 lu^ radiab 
control nuh hod. We k'armal (airlku' that 
<lifT<u'<mc(*s in (devation r(\sult<al in a. radial 
disphuamumt. of ima.g(\ ddius, n^ga.rdh'ss of 
variation in <d<'va.l ion, t he imagi" will Wo. sonu^ placa^ along 1 li(^ rn-dia.l which yxa,ss(‘,s 
through the position for tlie triu* jxoint.. In otlau' words, tlu^ a.ngh^ bctwiam the 
rndials passing through any l.wo image's is <a)nst.a.nt n'ga.rdh’iss of 1 h(^ (d(^va.tion (Fig. 
12). Ut ilizing the (a)nst !vncy of this (amt.ral angles, w(M*a.n now visua.lizc’: radial (amtrol 
as building up a lud, of graphics t riangula t ion. 

Pn'paratory to making a. radiaUeaint rol layout., the Ixia.rds upon whicth th<^ mosaic: 
is to 1)0 assemiblcd must luiv(' t he’: known (a>ntr<)l plot teal t h('r(a)n. 

If t lic mosaic is of a large* a rcai, a, ^‘ projeadioiU’ must be^ laid out. upon the mosaics 
hoard. Idiis proje'ct ion gemeu’ally <a>nst,it ut.e's dra wing lat itudes a,nd longitauk*. liiu’is in 
thehr prope'i* positions whiedi take^ into (ainsiden'a.t ion t.he fact. that, the'; euirveal surfa,ce 
of t he* <'a rt li is to be* ('ompikal into a. flat map. ddius on t.lie* i)<)lyeainie {ireijead ion, whie'h 
is the most, usual fe)nn of aerial-map asseunbly, lines of hit.ituele^ which run true north 
and sout h on t he^ surfaea* of t he^ eairt h will conveuge^ toward t lu’: north on t.h<^ {xrojeadion. 

''rahle'.s and instrued ions for laying out. projea't ions <)f t his nature may bo secured 
from t.lie^ U. vS. C'oast a.ud Geaxledac Hurv<\y or l.he^. U. K. Cleajlogic'.al Survey at Washing¬ 
ton, D. C. 

Wit h the projection now plotteal u|)()n our mosaic l)oa.rd, we must next plot the 
known control f)oiutH. Pcrliaps tlu^se': are xxoints whicli have's been esta.l)lishe<l liy the 
government, which in many parts of tlu^ (a)untry has a very (^omplcde systmn (xf control^ 
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iilready established. This control system will have been pnt in cither by the Coast 
and Geodetic Survey or the Geological Survey; by one of the other federal agencies, 
such as the Forest Service; or possibly by a state, local, or commercial organization. 
In any event, this existing control will probably be available to the map (compiler in 
the form of a description of the control point with information as to how to reach it and 
the coordinates, i.e., the latitude and longitude of the point. 

It will now be necessary to take the contact prints to the ground, follow the 
published description of how to reach the point, and then identify this point upon th<'. 
3>hotograph. The control point on the ground will be marked, i^erhai^s, by a. (':oncr(^t,(^ 
monument, by a brass cap cemented in the rock, or in the case of less permaiumt 
surveys by a stake driven into the ground, none of which will show on the ]ihotograph. 
Nearby, however, will always be identifiahle objects, such as a tree, f(‘nc(': (‘orner, a 
house, a bend in a stream or some other feature from which a measurement ('an h(^ 
made to the control station. Then the position of this station can be pricked on tlui 
picture, circled, and annotated for future reference. 
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After all the conf.rol points liavc; Ixam ichmtified ui)on the piciun'S, ilu' assembly 
of the tnosaic may he starlod. On ('a.(di |)lH)togra,i)li at h'ast ('ight points, dispostsl as 
indicated in I^ig. 13, should bt^ s(d(^c1.(Hl. Those sa.ine ]>()inis should bt^ id(mt.i(i('d in the 
overlapping s<ad.ion of the adjactmt i>icture. Occasionally a point will fall on as 
many as six separates pictures. It must b(^ pnsd.scly pricked and cindfxl on ('V('rv 
picture. When at h'nst (ught sm-h |)oint.s have betn H(‘l('ct(Ml for eveu-y piclun' in tln^ 
a.r<‘a, radial lines should be drawn t hrough tdio ])oints ('xtemling p(‘rhai)s an inch on 
both si<les of tlu" i)oinf,. 

N<^xl, th(^ radial-control asscnnhly may proccHul by any of thna^ nudiiods; 

1. Gra{)hic; method. 

2. 'Tra.nspa.nml-tcmph'l. mcdluxl. 

3. Slottc'd-tempicd. nxdliod. 

In all three nxd.luxls, tlu' fuml.amenf.al priiunph^ is ichniti(*a 1, th(“ main ditTcn'uccs 
between them l)eing in the: <'a.se of adjust.imait, time consumed, and ultimatti <innlity 
of the n^sult. 

Perhaps tlie ca,si(^Ht nud.Inxl t.o uiuh’irsta.ml is th(‘ slot.t.ed-hanpkd. imdlxxl, which 
will be descrilxKl in full. Tlu' o|Kvra1c>r who do<\s not have slott(‘(l-tc'mi)l('t (Minipnx'iil, 
ava,ilal)le will able to iumomplish the same result by more tedious means by cit ln'r 
of tins other two methods, which w'ill be briefly described hereinafter. 

The picture with the points which are to be used for the radial control, prick(Ml, 
is placed over a piece of thin <m,rdl)oard, whieh should be the same size as the piedunn 
and the ix>ints which arc pri<*ked on the picture should lie pricked through to tlM’s 
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cardboard. In addition to this, the center point of the picture, which is indicated by 
most aerial cameras, should also be pricked through to the cardboard. The card¬ 
board templet is then givcm a number to correspond to tlie picture, and a hole, perhaps 
tg in, in diameter, is pnnehed at the center of the tempUd,* Radial slots arc pnnched 
centering at each radial point which has been pricked to the cardl)oard. 

Amongst the eight jroints which have been prickc^d on each pic‘.turc, it is, of (bourse, 
essential to prick all the control points which have l)cuui identified in the field, as these 
are the key points upon which the entire construction depetids. At tlu^ time these 
control points are pricked through from t he pictures to the cardl>oard t(^inj)l(M , the name 
or designation of the control point should l)c written on Mie cardboard control tcnnplet 
for future use. This designa.tion should bo written in su<*h a- position on tlu^ tc'mplet 
that it will not ])e cut away when the control point is pmuduMl. Posts with a. flat base 
and a nec^k of just th(^ dianu't(U' of the slot in tlu^ t(uni)l(ds a,re now naihul down to the 
mosaic l)oard oven' the plotted position of eacdi known coivl rol i)()int. To l>egin with, 
a, group of templets is sehnd.ed repn^semting a, strip of ])i(‘tur(‘s on whieh two known 
(n)ntrol points separated l)y a. numbin' of pi(‘tures a.i)pc^ar. Tho t(nnplet on whi(*h the 
first control point appears is now laid down on tlu^ mosaic boaril with th<^ slot wluidi 
represents that point placed over the post. Addit ional posts a.r(^ now plaianl in all the 
other slots on this Unnplet, The next tinuplet in sen'ies is now pi(‘.k(nl up and laid over 
the first templet which may bc^ ac(n)mpliHhed by sliding the posts in tlu^ (irst, tinnph^t 
back and fortli in their slots unt il th<\y fit tlu^ slots of th<^ seiaind bnuplet. Now in the 
second tinnplet, posts a.re placnvl tlirough all tlu^ unmiining slots and the t hird (,<naple(i 
is pla(‘(nl ovnn* thcise la.tt.(‘r {xists in ihi’: sa,m<^ inaniun', Hdiis pro(n\ss is (‘ontimied 
tlirough tlu^ s(n'i(%s of prints until th(‘ tinnplet is rea.(*li(Ml in \vhi(*h a. slot has IxMni (nit 
re])res(niting t lu* next ('ontrol {)oint. It. will prol>a.hly \)o found t hat t lu' assembly 
of t-<'mpl(‘t.H is (nt lKU' too long or too short to permit, t h(‘ slot. n'priNSimt.ing t his control 
point to b(' pla,<*(Ml ovm' tlu‘ post, which is naihnl to the mosah* l)oa,rd a,t. this (‘ontrol 
point. Howinan', t.lK* imtire asscnnhly of t(nnpl(‘t.s is fl(^xil)l<^ and may Ix^ l(mgth(ni<Hl 
or cont.ra.ctiul like' an accordiaii. If t h(^ string of tinn])hds is hmgt luaHMl, a li t he ixists 
riding in t h(' slots a.r(^ spr(\ad out ; if t.h<^ st ring of t.mniilets is short (Mual, all t.lx' posts 
will move inward, aut<)ma-t.i<nilly assuming a, disposit ion |)r()port ional to ( he (Ustancu^ 
betW(Hni tlu^ control ixiints. H^'lius, h^^ hmgtluming or short<ming th(‘ string of t.tnn- 
ph^ts, it may Ix^ adjustixl so that, tln^ l)rop(M' slot, may now lx* pla,(*(xl ovin* {.ho post 
r(*pr(\s(mting (lu* sixaind (M)nt.rol point., \V(* ha.va^ now (sstahlislxMl t lx* scat* of assmnbly, 
arid (wnn'v post is in the* (*orr(*ct sca.Ie position for t h(^ point it. n^pn^smi(,s. ''flu* halarua^ 
of t.h(^ t<Mni)l(*ts in ('a(*h strip—strip by si.rip -ina,y Ix^ huttomxl to th<hr n^sfxx^tive 
posts unt il I h<‘ <mt in’s an^a. is (‘oviohmI. 

'Vhi* posts ha.v(* a. v<*rt i(*a.l hole in t Ixmi, a.nd t lx* ix'xl st(*i) is to drive* a, ])in, fastiming 
<*ach post to tin* mosaic, hoard. Now tlie t.ennjihds niay Ixs lil’te'd off, orn* by om* and 
as (*a<'li t(*mpl(*t. is nMuovml from its posts, tlu^ post. \vhi<‘li passcxl through (lu* (‘enter 
hol(‘ of that t(Mnpl(‘t. is nmnlx‘n*<I on (h<* board to (‘orn‘sj)()nd to tlx* m'gativx* and 
t <‘m])l(‘t numh(*r (whieii an*, of cours<*, i(l(*nt ical ). Art.(‘r t lx* t (*inpl(*t M ar(* r(‘nx)V(*d, 
t h(* ]>osl.s ar<‘ pull(*<l from t lx* hoard oix* by orx*, and t lx* small hob* whi(*li is hh’t by trlx*! 
pin whieh s(*cur(*(l t lx* [lost in posit ion is cindexl. This hoh* r<‘|)n*s<*n t s t lx^ eomxd, 
[Xisition for (*a(‘h iinag(* point, whiesh wa,s r(*pr(‘S(*nt<Ml by a, slot, and a. post.. 

\V<* now have* a, patt<*rn laid out. on our mosah* hoar<l wit h tlx* (‘<*n(<^r and at least 
<*ight, outlying points <*st.ablish(*d for <*a.ch pi'int. which is to go into t lx* inosai(x M(*a,s- 
unmxmts may now lx* eompnre'd I>(*t.\v(*(*n t h(*s<* points and t lx* (‘orr(*sponding image 
points on tlx* pricloxl s(*t of conta.(*t [)rints arid a ra tio ra(*tor cah'ula t(*d for t lx* (*nla.rge- 
inent. or nxlmdion of tlx^ })rin( or riny |>art. thc!n*or. In mon* (*laborate* mosaics theses 
me>i.snr(*m(*nts are us(*d as (lx* ba.sis for d<*t(‘rmining tlx* angle of tilt, by which the 
esnlirc print or parts thereof are to be cx>rr(*ct(ul in tlx* r(*etifying (airnera. 
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The result is, of course, that the ratio print made from the comparative measure¬ 
ments between the mosaic board points and the points on the contact print will fit 
the mosaic board and permit the assembly of a precise map. 

The first method listed above was the graphic method of radial control. This 
method utilizes the radial lines which were first drawn on the print. Instead of 
bvittoning the print templets together as was done in the slotted templet niethod, the 
graphic tnethod traces the radial lines from each print on a piece of tracing cloth and 
causes the successive radial lines to intersect as nearly as possible at a, point. This 
method is tedious because, after the first mn of radial prints between the two known 
control points, it is visually found that the scale selected for the control plot is too largt'. 
or too small. A correction factor nuist then be established between the first two 
prints of the run, and the whole run must be duplicated perhaps two or three tinn^s 
\mtil Viy trial and error the proper scale is found. 



Fuj. 14.—Fairchild f(iur-c:ou]>Ic transformer jip; set over platcholders. .4, five inicro- 
Hco|>('H HO 8<><. as to (^orrt-spond to < ho in(h>x marka of the four-cOTiple <nimi'ra; A, adjusl- 
iinait- H<'rew.s vihchI io hi'ing plafoa into ))roi)e:r position under the ini(“roH<iop('>; (', clninpitiK 
<lown nvit s to hold the plat i's sivnirely in ()osit ion after adjustment. 

d’lie H<'c.on(l method of radial contnd which wa..s (Mininera.i,t'd is (iu‘ inuisparent- 
t<'ini)let. methcxl. In this iindhod, a. c.(41uloi<l t.cnnph't is tracc'd from th<'contact print, 
i.c., the ccnil.er a.ud l.hi^ laidial liin's :ir<' tra.cc’d from tlu'. (‘ont.act. print.. Tlie iiK'thod 
dilT('rs from method 1 in ( hat, th(‘ (udhiloid (.('inphd.s ani Inad down oik' over anotiu'r 
an<l t hc! radial liiu's so adju.s(,('d 1 ha.t. t luw intcu’sead, a.t a point, d^hen wluni tlu' s(M‘ond 
<-ont.rol point is readn'd, if (he scale is t.oo la.rgt^ or too small, eacli tcnnphd is inov('(l a, 
litth*: cloMCU' or Ji, litth^ fartluu' from its adja.<unit templets so that lh(‘ scale is adjusted. 

A siinphn- imd.hod of inos.aic jiK.scml)ly, whicdi ha,s proved sat.isfaetory, particvdarly 
in n^gions of V(u-y mod<n-a,t(^ relic'f, is known as the print-to-print ratio rnchhod. This 
method is based on t.he g(a)metrieal principle t.hat regardless of displactnrumt due to 
differene.(^ in ohumtion, t he distaiua-i of tin image when measured iKu-pendicularly to ( be 
line joining t.he c(nit:ers of two adjiuanit print,s is the same on Itot h prints (disrcigtirding 
lens distori.ion and tilt). The juirposcj of this method is to compensat.e for variat ions 
in tlie airplane altitude. If the airplane, altitude ehatige.s between one; piet vir(“ tuul t hc! 
next,, a direet ratio may be derived by nuiking measurements perp<!ndi(“nhir to tlu* 
center line and t,o common images on the adjacent prints. When the ratio from print, 
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to print is thus established and recorded, an over-all measurement is made between 
two known control points. A factor is then worked out for the enlargement or redxic- 
tion of the entire strip of pictures to get the correct over-all distance with corrections, 
print to print, according to the perpendicvdar measurements. This method breaks 
down badly with tilted pictures or in case of much change in the elevation of the 
ground. Its principal advantage is its simplicity of use. The results derived from 
the use of this method do not compare in jirccision ^^uth the. radial-control method, 
but the method is clu'aper and faster and requirc^s less experience to operate. 

Contour Mapping .—(\>mpilation of contour maps for aerial photography is the 
most advanced and precise stag<'i of the art. The aerial camera W'hich is employed 
must be a pnicision instrument, equipped with a lens wliich is sensibly free from dis¬ 
tortion. The lens must be very carefully mounted in the camera in accordance with 



Fm. 15. Stand!ir<l siiia:lt“-lcnH caiiH'ra installalion. Phot.oKrapher is looking into 
view finder betwe<'n his kiu'cs. On th<‘ Hid(% of tlu? inibin is the inU'i vulonu'tiM- for uutoinutic 
cninera operation. 

the inaiiufaclUH'r’s data. 11. is d<*.sira.ble to liavn* th(‘ hms mounti'd by th<‘ inanu- 
facdurm- in a. barn'l, which is inst.alh'd in th(' canxM-a. intact.. 'I'his will insure that the 
int.(>rna.l jirincipal ray is a. cont inuat ion of Ih*' ('xtcn-nal [irincipa.! ray or at huist as close, 
to t his condit ion as the ma.nufact unT wit h his factory ra.cilili<\s (uui protlucia The 
foca,! plain' of this cann'ra. must, lie exact.ly jierix'iHlicular t.o I, lie h'lis axis a.n<l the 
colliination marks in the focal jihuu' must, pri'ciscly indiimt.e the ini.ersecf.ion of tlici 
principal ray with tin* focal jilain'. lOvi'rything about the camera must fit rigidly, 
so t.haf., in ca..se of disassi'inlily or n'assi'inbly, jiarts will fall back iireci.sely in the same 
position. Int.i'rchangcabh' magazim^s an' not tolerable in a. precision camera unles.s 
t he magazine is dowch'd to t lu' cann'ra body and [irovidc'd wit li elaborate provisions 
for maintaining t h<^ foc'al plain'(onstant ly in its n'quiri'd posit ion. Tliis camera must, 
of course, Ix' ('quippi'd wit li a bet.ween-t lu'-h'ns typi' of slmttiu'and picture.s should be 
exposed at. 'q r,(, sec. or faster to get. t he maximum of sharpness. 








Fiu. 17.—Four-lens aerial camera 
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Flyiivp; for the ultimate purpose of compiling contour maps must be done with the 
utmo-st pn'cisiou. The flying pattern is fundamental in the ultimate economy of the 
job, !is costs are a. direcd function of the number of pictures involved. 

which is to ustal for contour plotting must be handled with special care in 
{h'velopmcnt. The emulsion should not bo swabbed with cotton, as this introduces 
the danger of slightly moving small scad ions of the emulsion which may not be firmly 
adlicn'd to the base. This film should be dried slowly in a room where comparatively 
high hunu<lify piaw'ails, and the film should he supported hanging free from a wire 
w ith at least om' support for (au'h foot of film. 

Mo.st (‘Oldour maps ar(( plotted from glass diapositives which should be made 
from th(‘ film (uther tluring the period of the first 48 hr. after development or after 
3 waadvs hav(; elapsed. Between these periods most types of film are at maximum 



has. IK. 'rh(> (((‘rociirt ograph is one of the ohU'r types of maohi nos for plotting contours from 

iK'ri.'il i>la)togriiphs. 


insud.ility. 'riie film itself, which is usial for tfu* original pi(d,tires, must be of the 
low ,shrink l..-l.•^e typ<‘, which has Ix'en subjectiMl to sp(uaid eonditioning to ininiinizc: 
nonuniform .shrinkage' and expansion. 

number of different, im'thods ar<‘ a.vaila,bl(' for produeiug contour maps from 
aerial photographs. d'hc^ nu'tliods ar(( all hast'd ui)on the principle of stereoscopic 
vision or the .somewhat (‘(iniv.ah'id flicker nu'lliod. Bmeision contour maps can be 
plotted from t hc.se a('ri.Ml photographs oidy by highly trained experts using elaborate 
(■(juipment, such a.s (In' stcreoplanigp-apli, aerocartograph, or multiplex. 
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CHAPTER XXV 


ASTRONOMICAL PHOTOGRAPHY 

By Haki^an Truk S'I'etson 

Fundamental Problems. —Tl is j)rol)a.l)ly a fair (wtirnalo that 90 p(‘r ctait of the 
()l)S('rv!il ional nuU<«rial gathi'rod in the modern asl ronomieal observat ory is obtained 
l)y nu'ans of piiotography. In a few specialized fiedds of a,stronoiny, such as tlu^ 
determination of fundamental positions of ct'rtain standard stars l)y means of the 
nuiridian cinde or transit, and more especially the physical observations of the surface 
d(da.ils of tlu^ planets or the measurement of the close double stars, the human eye 
still stHuns to have the advantage over photograi)hy. Consid(u-ahle exp(u-imcnting, 
however, has Ixam done in recent years in applying the photographic plat<^ and also 
the photo(d('(dric coll to instniments where times of transits of stars are (kvsired. In 
th(> tied(u-mination of latitude, results ohtaimid with a photographic zenith tube have 
alnauly slu)wn tin in<;reas<‘ in pnadsion ov<>r visual ohs<u-vations made with a. zenith 
t (d(^scop<'. 

Tlu^ advantage's of photography as applied to astronomy arc twofold: 

1. A pt'rmaiu'Mt and uid)ias(Ml record is ohtaiiu'd rcprodmdng t he ('xac.t comlitions 
of any ast ron<>mi<‘al evu'ut for invi'st igat ion or study, and for r(d"('rence at. any suh- 
s(Miu(‘nt date. Mistidvcs or c'rrors in th(^ m<'asurcm<ait. of the; ])hotognii)h may h(^ 
c'asily n'clu'cked, hut. a mist ake or ('rror in t he re(a>rd of a visual ol)S(;rva,t.ion can s('ldom 
if ('ver lx; <>xainin('d l)y an c'xact. dui)licat<; of tlu' original ohs('rva,tion. 

2. Th(' ('lT('ct of st arlight on t in; phot ograidiic film is c‘umula.l iv(;. Tin; longer tin; 
<'xi)osure, tin* gn'ater is tin; amount of silv('r iii 1 In; eimdsion r(;du<;(;d. Bxpc'rinn'uts 
with tin' human <'%'(' indi('al<' that in about 's('c. or h'ss t in; r('t inn. will r(;c.ord all 
that tin' ('>■(' S('('S. I<'urtln;r ('xposur<; n'sults in fatigin; ratln'r tha.n <'nhain;('m(;nt of 
vision. In tin; cas;; of tin' photographic; plate', how<;v('r, prolongc'd cvxposun; may 
Ix' usc'd with given optic'al (npiipnn'nt. to <>l)ta,in image's of cedc'stial ol>je'e;ts t.oo faiid. 
to be' re'e-oreh'd with t he' te'Ie'scope; wheui t he; e'ye' alone; is usc'd as the' eh't ('C't.or. 

Anotlx'r advantage' of tin; Hp[)lication of photography to the; fie'lel of astronomy 
is tlial. the' re-la tive; positions of a, large; nunibe;r of stars re;j)re;se;nt ing the; whole; fie-hl 
of the- pliotographic plate; C'an be; re'e‘orele;el at. one; junl the; sa.me; time;. hor ele;te;r- 
mination of positiem as we-ll as the' re-e-ording e)f the- re-lal ive; brightne-ss of stars, tin' 
{)he>tographie; plate' is a. mass-production alTair as e*ompa.re;d with the; highly ineliviel- 
ualize'd we)rk of the; visual obse-rve-r \vhe;re; tin; e;nt.ire; atte-nt ion must be; give;n t.o one 
(‘<‘h‘slial at a tini<\ 

Phe)tograi)hy of e'c'le'stial bodie-s e;nta.ils e;e'rt,ain uniepu' pre)ble;ms, fore;inost. of whie-h 
is some- form of automatic; ine*e'ha.nism that will ke;e'i) the; e-aine-ra, or i)hotographie; 
te'lc'sc'ope' const ant ly dirc'cl e'd to t he; e)bje;e;t he-ing pln)t.e)gra.j)he;el while; t he; lat t er 
ai)pare'ntly drifts ae-ross the' sky as a, rc'sedt e»f the; eliurna.1 rotation e)f t he; (;arth on its 
axis. No wholly aute/inat ic ele;vie'(' Ims ye-t. be;e;i» inve-nt c'd t hat will sue;e;e;e;d (;ompk;te;]y 
in ae-e-omplishing the; purpe)se', though e-xpe-rinn'iits are; ne)w bc'ing e'onehicte'el with this 
e'lnl in mind. '‘I'he human e-ye- and luunl are; still ne;e*e;ssary aeljune;ls in the- e;e)nt.rol of 
the- elire-e-t ion finde-r if a, star is te) imprint, an unblurre;el image; on the; photographic 
j)late' ehiring a pre>le)nge'el <;xj)e)sure;. 
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Unlike terrestrial photography, the source of light from celestial objects is outside 
the aniiTnosphere of the earth and is bent or refracted upon entering it at an obliqiu*. 
angle. Since the observer is constantly changing his position with rospecd, to the 
direction of a star on account of the motion of the earth, refractioTi is a, vairiable 
quantity and is particularly mischievous in dislocating the line of direction of ol>jects 
in the sky near the horizon. Were it possible, therefore, to effect a inof^hanicail drive 
which with unfailing uniformity would offset the motion of the earth, refra.ction a,lon(5 
would necessitate continual “gaiiding” for a photographic plate with respcict to the 
star. Moreover, since the usual optical equipment for astronomical photogrnpliy 
employs an optical system of great focal length compared witli th(^ usual (camera, 
small irregular movements of star images are brought about through the turbult>n<M^ 
of the atmosphere through which we view them. 

It may bo pertinent to i-emark that the so-called "image” of the star oVdaim'd on 
the photographic plate is not in a strict sense an image of the star. All stars (‘xcc^pt 
the sun are but luminous points of light at such great distances from us that no 
telescope yet made or that we may hope to make could ever resolve tlieir size or shape?. 
The so-called image obtained on the photographic plate is therefore but a clust<M' of 
silver grains reduced by the feeble light falling in a restricted location on the (unnlsion. 
In general, the center of this cluster of silver grains will correspond to t.hc nu'a.n posit ion 
of the light beam producing the reduction. Furthermore, sitice the star is sc'usibly 
a point source, a diffraction iJattern results, and the photographic “iinag('” of 1 h(^ 
star becomes therefore the impression gained through the integrat ion of tlu; (dTcc.t of 
light diffracted through the circular aperture of the telescope. 

There arc many problems peculiar to astronomical photograi>by wbem \v(‘ (ronsider 
the interpretation of the photogrupliic record. If it is the positit)n of I lu' st (dla r image's 
with which we are concerned, a question of distortion of the film iinnu'diat.c'ly ('nt('rH 
as a source of error. Furthermore, the degree of flatness of the field and its n'ct ilinear 
character are important factors in correcting for distortion of tlie scah^ on the i)lal<', a. 
distortion which would d(q)(md upon the distance of the images from the optical (*ent('r 
or a,xis. Either of thc:se probhuns enters when we come to the inti'rpn'tat ion of t lu^ 
amount of silver reduction a.s an indic.ation of the relat ive light-giving power or magni¬ 
tude of tile star represiuited. While the technique of luuidling plati^s, making 
('xposures, or develojiing is much the same in astronomiiail pliotography as in any 
other field t,o which pho(,ogra,i)hic processes may be applied, (‘('rtain factors such a.s 
the effect, of temperature and moisture and a, variation in the semsit ivity of t he I'lnul.sion 
become of serious conseipumce, wlu'u the phites are used for (juant it at iv<' rc'sults, if 
tlie exposure has lieeu prolonged. These proVilems will rec.i'ive th'taih'd atti'iit ion in 
subsequent paragraphs. 

Instrumental Equipment.— With celestial photograpliy the "('aiiK'ra, ” is g<'n('rally 
a telescope of recognized form in which the eyepiece, which would he usi'd for visual 
observations, is replaced by a, convenient recepta,cle for carrying the jilat.ehohler that, 
contains the iihotograiihic emulsion. Telescopes may be divided into two major 
<dassifieations: (1) t.he refracting type in which a.n achromatic, h'ns at. the uppc'r end 
of the tube gathers the light anil forms tlie image on the ])hotographic plain; (2) the 
reflecting type where a concave mirror a,t the lower end of the tube doi's tlu' work of a 
lens as the olijeetive anil brings the light to a focus on the plate at the ujqier imd of t hi* 
tube. 

Refracting and Reflecting Telescopes.—The simplest practical form of t('lescopc' 
lens is a douVilct, consisting of a iloublo convex element of crown ghiss paired with a, 
concave lens of flint glass. In the more common form the crown h'lis is placed ut. 
the upper end of the tube anil is backed by the flint lens, whose negative I'lirvaturi* 
may be made to conform to the cuivature of the rear side of the crown disk. In 
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astronomical technology the word “doublet,” however, is not generally used for such a 
single combination of a pair of lenses. The word “doublet” is i-eserved for a combi¬ 
nation of two achromatic lenses spaced some distance apart, as in the older type of 
portrait lens, thus giving a relatively large field for the focal length. In the con¬ 
ventional typo of telescope constructed for visiial observations of celestial objects, 
the leris is made achromat ic for wavelengths in the neighborhood of the D lines of 
sodium, which is the part of t he spc:ct.rum to which the oyv:. is most sensitive. If the 
telescope lens is specially made for phot ographic work, it is achrornatizotl for a region 
in the neighborhood of 4500 A. The telescope with suc;h an objective, howevtir, is 
practically useless for visual observations since the color dispersion in the region of 
5900 A is too great to produce a sharp focus. The so-call(ul “visual lens” may be 
xitiliz(Hi for photography, however, if a color “screen” or suital)le filter is employed. 
As a filttw should be scdected which will be;st transmh, the flat part of the color c.urv(^ 
of the telescope lens, an orthochromatic plate or om^ that, is ytillow sensitive must be 
('inploytal sinc(', the yellow region of the spectrum aloiu^ will be availalde for photo¬ 
graphic action. 

The Thaw telescope at the Alleglumy Observatory is equipped witlv an achroTnatic 
objective specifixially d(?sign<Hl for photograpliic light a.nd has ])rove;d very effective for 
astronomicuil photogra.phy where a great focal lengtli is desired, a,s in determination of 
star positions for “parallax” and “proper motion.” 

In the rc^ficcting typc‘ of telescope a mirror is em})loycd whi<4i forms the image of 
the ('('lestial object l)y refitH-ted light, the curva.ture of t he mirror Ix'ing figured in the 
form of a parahaloid so that pa.ra,llel light will be brought to a singh^ kxuis. Tin' 
i‘('fi<'ct ing t,(‘le,scope' or t he reflector has the distinct advantage in a,sl ronomieial phot.og- 
raphy of providing a pe'rfect a.chroma.ti(^ optical .syste'm. biiuje tlu; image: is fornu'd 
by a. (-('flection from a silvc'red or alumini; 5 (';d surfacae and not by light, transmit,t(’d 
through glass, no dispe'rsion of light n^sults. Anot her grca,( advantages of t lu' re^flector 
is that it is possibles to construct a refleahing surla.ea^ of far gr(ai,t.cr eliameetcr llum is the' 
case' whe'u cle'ur ghiss disks must l)c provieh'd for a. syst emi de'pe'uele'utr upon tra,tisniit:le'el 
light. 

The' lere'se'nt pra.<dice' of deq)ositing a re'fle'cting surfae'e' of aluminum by ewaporat ion 
in a. vae'eium e-immhe'r in phicee of the edu'mi('.a.l ele'position of silve'r has brought about 
marke'd iniprove'ine'nt in t h(' use' of the re'Hea'tor in ast ronoteey. Tlu' aluminum eoiit iug 
not only has the' advantage' of gre'aten- resistance' to tarnish on e'xposure' t.o air but. at 
the' same' timee lias a. higher coctlicicnt of rctle'ct ivity a,l t lie' vioh't. ('lul of tbc spe'ctrum, 
to whie'h the' onlina.ry iihotograpliic [ilatc is most sensit ive'. 

It. is of astronomical interest, to note tluit. tiic re'fle'cting f.eileseope invented by Sir 
Isaac Ne'wton came into be'ing as f he antidote for t he dispe-rsional h'lis syst.e'in. Wit h 
tlie deve'lojune'nt. of t he aeliromat ie lens, refractors rivnle'd re'flcct.ors sine'e* t he (picst ion 
of t he (lete'l-iorat ion of flic reflce't ing surface did not cntc'r. In the lat ter part of the' 
ninet.('(*nt ii ce'ntury wlu'n pilotograiihy seriously he'gan f.o r('pla,(‘e' visual o)).s('rva,tions, 
(he iiK'rits of the rcfle'cteir we're re'discovere'd, and our large'st. ast ronomical inst ruments 
today are of the' re'fle'cting 1yi)c. The lOO-in. Ilookc'r telescope of the Mouiit. Wilson 
()bs('rvut eiry of t he' Canie'gic I list it xit ion of Wasliiiigt em is, a nd will iiroliably remain, 
t.lie largi'st. t.e'le'scojie in t he world unt il t he coiuple'tion of t he 200-in. re'flcel.or provided 
for Mount, I*a,l()ma.r. 

One se'rious disadvantage' of t he re'fleetor is tlie comparatively limited region of the 
field t hat, is sutlieient ly flat to be nlilize'd in nst rotioniienl study. The adjuned. of a, 
1 : 1 power h'lis sy.stem to flatten the field of t he re'fle'ctor is a, re'ea'nt dejvelopnient. to 
offse't. this eliflieulty. Sinex'; in as!mnoniieal {)liote)gra,])liy one is usua.lly eoncerne'd 
with the obtaining of n'cords of the faintest objects that, may be recorded, the large 
liglit.-gat he'ritig power of a, great, reflector, fogot.her with its perfect, achromatism. 
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renders this form of telescope for the photography of nebulae the instrument par 
excellence. 

Whether the refractor or the reflector is employed for photography, the funda¬ 
mental requisite is a stable mounting so designed and mechanized as to make possible 
the continued registration of a given star field on the emulsion of the plate, in spite of 
the diurnal motion of the sky. 

Mechanical Aids for “Following."—Since iix all latitudes except at the equator 
and the poles, the diurnal motion of a celestial object has both a vertical and horizontal 
component, the only practical mountiiig for celestial photography is tlie so-called 
“equatorial" form. In the equatorial mounting of a telescope, the principal axis, 
known as the polar axis, is fixed so that it is with high accuracy parallel to the direction 
of the axis of the earth at any given observing station. The polar axis of the tele¬ 
scope mounting, therefore, will be directed to the true pole of the sky about which all 
the stars appear to revolve. If a motor or clockwork with suital)le gearing engages 
with this axis, it will be so rated that the telescope will make one completes rc'volutiou 
about this axis in the course of one sidereal day. The sidereal day is the. p(iriod of thes 
rotation of the earth with respect to a fixed star and is shorter than the ordinary solar 
day by 3 min. 56 sec. 

In order that the celestial camera or telescope may be directed to any pn,rt <)f tlu*: 
sky, it must be possible to turn the instrument about an axis at right angles to tin*- 
polar axis. This second axis gives a movement of the telescope tube north and so\ith 
along the great circle, passing through the celestial poles. Since tlie stellar (uiordinat tr 
i-epresenting the angle of departure of a star from the celestial equator is known as; 
declination, the axis which provides for the motion of the telos(U)iK^ in (h'clination is 
known as the “declination" axis. When the telescope has once been directed to tlu' 
object in the sky to be photographed, it will be firmly clamped in <leclination. If llu- 
image is then centered on the plate and the driving clock of the t (deH(a)p(‘ is allowaal t < > 
turn the polar axis, the ol)ject will continue to maintain its ap})roximat(i posit ion wit H 
respect to the center of the plate. 

For exposures of but a few minutes on bright star fields wlicn the focal length of 
the telescope is comparatively short, the instrument may he left to its('ir to record t h«* 
photography of the star field. The in.strument in this sense is pra<‘t icall.v automat i<'. 
Such self-operating instruments have been in nightly use as “ jial rol" (^ain(*ni.s n f. 
Harvard and elsewhere. 

For prolonged exposure with instruments of large fo(ial length, some nuxiliarv 
guiding device is necessary to compensate for irregularities in the elo<‘kwork and fc> r 
the variations in refraction and atmospheric disturbances cncountenHi hy 1 lu; stai* 
light in repacking the plate. Such auxiliary “guiding" may he p(ufonm'<l hy utiliziuR 
a visual telescope of the same or greater focal length made int<>gral with tlui mount it»la; 
of the pliotographic telescope. This auxiliary telescope provided with a {lair <»f 
“cross wires" or intersecting spider threads at the focus of the ey(‘pi(*<a* may he ut ili/,« *< 1 
for detecting the slightest trace of movement of the star from tin? e(*ntral p<).sition in 
the field. Mechanical slow motions attached to the axes of the teles(‘op(‘ and un<i«*r 
manual or electrical control may be used for keeping the star image in exact agrt'enu'j it 
with the intersection of tlic cross wires. A satisfactory continued n^gistration of tin* 
star image in the field of suc^h a “finder” will resvdt in perfecit registration of t lui iinuKc* 
on the photographic phit<\ 

In the employment of largo instruments with very limited fields, one oftem rua 
a guiding telescope of as large an aperture as the photographic one if faint stars an* t < > 
be employed for guiding purposes. The cost of such double constnud.ion, to say not h - 
ing of the added mechanical difficulties involved, necessitates the employnu'nt of sotiM' 
alternative mechanism. Flence came the development of the double-slide plat ehold* *r. 
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The Double-slide Plateholder.—In the double-slide plateholder, no attempt is 
made to introduce small compensating movements about the polar and declination 
axes of the instniment, but the plateholder is moved slightly east and west or north 
and south by means of micrometer screws provided in the mechanism to which the 
plateholder itself is immediately attached. A small eyepiece or sometimes two eye¬ 
pieces sliding in ways on the border of the 
telescopic field and outside the dimensions of 
the photographic plate itself may serve for 
“finding” a suitable guiding star. The eye¬ 
piece will contain the conventional cross wires 
upon which a star image, obviously not the 
one being photographed, may bo located. In 
t he double-slide-plateholdcr method the main 
huis or mirror which is used in photography 
IxKtoines also the objective for forming the 
image of the guiding star. The ci’oss wires 
of tlio eyepie(H]i in a.ny guiding mechanism arc 
provided with some form of faint illumination, 
so that the observer may sec both the cross 
wircjs and the imago of the guiding star 
simultaneously. The doul)le-slide plateholder 
has the advantages ovuir the guiding telescope 
lu' auxiliary fnuUu' in that, in the case of the 
larg(i instruments the entire mass of the tele¬ 
scope tube (lo(\H not have to be moved to 
follow the capricious waves of sta.rlight intro¬ 
duced throxigh atmospheric, disturbances. 

While t he [ihotograpliic* plate is Ixnng ('xposed, 
the obs<'rvcr will k(H'p liis eye c'onstant.ly on 
the star in the guiding (^.y<‘pi('ce and a hand 
on ea.ch of t wo juicromet er senavs. A skille<l 

observ(}r may succe<'d in making s<'vera,l small niovcunents with the micrometer 
scnnvs of this mechanism each se(>.ond as he observers t.lu^ guiding star, const,antly 
r('adjusting tlui platchohhu' to mainla.in the star at. th<’: inttu'seuMion of the ^‘winis.” 

Lenses Used in Astronomical Photography.—The variety of probleins encountered 
in n.stronomy (udail tlie ('inj)loym(‘nt of a wide vuri(dy ol opt ical (apiipinc^tdi. Con¬ 
trary to ])oi)nlar opinioTi, inueh serious astronomical work not, only cam be done wit.h 
inodc'st optical <'(pii])nuuit. but often can be pcirformed more efiieiently and with a 
higluu’ (l<'gr(Mi of satisfacdion than with the us(‘. ol large tele.seopc^s whos(S operat.ions 
are re:st rict e<l to spec;ia.l problems. 

Bruce Douhlet .—Tlui introduction of the port.ra,it hms int.o a,st.rononiy for the 
photography of star fu'lds (roveu-ing sev<iral scpiare: <l('gr<'<\s ol t lu', sky was largely due 



Fia. 1.—The dpublo-slido platc- 
holdor designed by the author for the 
Perkins Observatory. Hero small, 
spetaally eonstrm't.pd eleetric. niot.ors 
I>rovi<lc for moving the rnierometor 
8<a'ews by rcunot c (^out.rol. 


to t ho genius of t.hc! la,l(^ I'klward hnu'rson Harnanl, for many ycnirs astronomer at, the 
\'('rk<^s Obs(u-va,tory. Barnard’s c^arly training invoKnul an apprenticeship in a 
c()innuu‘(‘ia,l photography studio, hkirly in his (aiiHH^r ol a-stronomy lu; t^xperinumted 
wit h i)ort.ra.it hmsc^s a,t.t,a.ch('d to (X)nv(‘nt ional U‘l(wcoi)e mount ings. The excellent 
results obtaiiunl in photogrnphing sections of tlu^ Milky Way led to a specially 
<h\sign<ul donbhd. with a, iinicjue mounting for i>hot.ogrnphing a. (U)mi)leto map of the 
Milky Way. The rc^sulting inst rument, na nuMl for the donor who cont ributed funds 
to the Ycu’ke.s (i)I)serva.tory for its (ionstrind.ion, b<'<uune known as t he Bruet; telescope. 

It has l)eeom(‘ a. standard lait t ern for an ast ronoinic^al photographic doublet for 
many years. Tho design of the Brue.e telese,op(i e.ompri.sed ae.t.ually three telescopes 
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on a single mounting—two photographic objectives, one of 10 in. in diameter and tli<- 
other of 6 in. in diameter, and a visual telescope, of appropriate focal length. Each of 
the photographic telescopes had as its lens system two pairs of achi-omatic lenses 
separated by an appropriate distance. The relatively large ratio of aperture to focal 
length, //5, made the equipment particularly fast. The photographs of star cIoiuIh 

and comets and the exquisite atlas of the Milky 
Way which were obtained as the result of many 
years’ work won for Barnard the medal of tin* 
Royal Astronomical Society of Great Britain- 
Success with the Bruce doulilot resulted in tin* 
introduction of similar equipment in many oth<'»“ 
observatories. 

The short-focus doublet in a variety of sizeK 
has proved an invaluable tool for mapping 
entire sky. The “Haiward Sky” maps cover 
the entire heavens on 55 plates showing stars i ‘ * 
about the twelfth magnitude. Another cx'tcnsi v< ‘ 
star map is comprised in the Franklin Adam-'-* 
charts which cover the entire heavens to stars <»*' 
about the sixteenth magnitude. The Franklii* 
Adams charts were made with canuu’as of 6- an* i 
10-in. apertures and yield a scale of approxi¬ 
mately 1° = 15 mm. 

An astrographic ehart of the entire hcavau* *- 
together with a catalogue giving tlm posit ions «»1 
stai's measured from photographic pla.tc's wji-' 
undertaken about 1900 with the coopera,l.ion * » 
observatories in all parts of the world. 'TH« 
project is under the auspices of the Int.(U’na.ti<>n5i 
Astronomical Union and has Ixum about, lui I 
completed. The instrumental taiuii^iiH'nt of tli 
observatories cooperating has been st andardizo* i 
Th(^ objectives of the tol<\s(a)po.s liave an apertnre of 344 mm. and a focal lengt h «' 
3.44 m. Each plate covers an area of the sky approximately 2° scpiare. As t leiit-i* * 


Fig. 2. —Ten-in. Bruce tole- 
seope, designed Jind coast,nuded 
)>y the Warner Swascy Company, 
Cleveland. 


of ( ho astrographic tol(weo|)(‘s, l\owevcr, comprise only two-element ohji^c.iivt's, t 1 1 
2° scpiare field sliows ratlun' ])oor images at t,he periphery. 

Choice of Aperture .—The (d\oie.e of aperture of a photograpliie t(>lesc()pe will (h'pes j 
upon tlu! length of time of the exposun', that one may profitaldy allot, to obtain t i 
n'gistration of star images of a given degree of brightness. Tlu^ scale of bright ik's.*-. < 
st ars in cummon use in ast ronomy is desigmvt.ed as a “sea,l(^ of ma.gnit u<l<'.” St:» 
just visil^lo to the irnked eye fall gemu-ally in th(^ classification of sixth magnitiuh' st.n j 
Stars of the fifth inagnit.nde arc a.pj)roxiniat,ely 2.5 limes brighter, wlu'reas u star of f i 
sc^vemth magnitiuh', is 2.5 times fainter than one of the sixtli magnitude. The 1-s 
representing t.he ratio in lirigldtu'ss of a st,a.r of a given magnitude Mi tti that 
magnitude M ■> is givem by tlio following: 


log = 0.4(A/a - A/,) 


Tlic limiting inagnil iulo fourul on star charts of the Franklin Adams series is al»« 
1(). Wit h prolonged exposure of the largest telescope equipment,, it has hi'en posMil 
to photograph stars to about the twenty-first magnitude. Generally a photogrH|»: 
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telescope is operated at full a,pert\ii*o since an astronomer desires all the light obtain¬ 
able from a relatively faint source. Occasionally a diaphragm is used to stop down the 
aperture for the sake of sharpening the focus near the periphery of the field, thus 
increasing the effective area which may be satisfactorily utilized on a plate of a given 
size. 

Focal Ratio and Scale .—^The focal length of lenses employed in astronomical pho¬ 
tography will be governed by the desired scale irx the photographs to be obtained, and 
by considerations depending upon the faintness of the objects to be photographed. 
The speed of astronomical cameras or telescopes used for astronomical photography 
varies inversely as the squares of their focal ratios w'hcn faint extended areas like 
nebulae or comets ai*e concerned. For stars yielding substantially point images, the 
speed has been found to vary more nearly as the inverse first power of the focal ratio. 

In def.ermining the relation of foetal length to plate scale, it is convenient to 
remember that theix^ arci 3438' in 1 rad. A telescope whose focal length is 3.438 m. 
will yield a photograpli of a given region of the sky in which the angular unit dimension 
of 1' of arc will be represented by 1 mm. on the photographic plate. Hence the 
relation: 


F = 3438.S 


( 2 ) 


where F is the focal hmgth in mm. arul ,s‘ is the seah^ in mm. per 1' of arc. 

Some of tlu‘ problems inv'olving the nuaisurement of small angular dimensions are 
(1) measuring the distaiieos belwaH'n tlie components of double stars; (2) the small 
annular drift of positions in stars, known as “i>rop(‘r motion"; and (3) the seasonal 
variation in the posit ion of a star knowix as “pa,ra.lla,x." H<^re tcdesc^opcs of a foc.al 
h'ngth of 15 ft. aiul xip are desirable t.o produce the r(a]uisite scale on the plates used. 
Among the larger t elcs<a)pes in us(i for parallax programs in which trhe dista,nce of tlu,*' 
nearer stars is (l<h(a•min(^d from angular displaecunents of 0.01" or more is that of the 
Y(U’kes Ohservatory of the University of Chicago, situated at. Willia,mH Hay, Win. 
Tlu^ apertures of the Y(wk(‘M lens is 40 in., and its fo<“.a.l hmgth is a.pproxima.t(ily 05 ft. 

h’or the scale of the plate to yi(4d 0.1 nun. jxer 1" of arc a total length of 20.03 m. 
l2t)()20 mm.) is reciuired. Here, from Ikp (2) 


20.G3 
'''' 3438 


— 6.0 niiTi. per 1/ 


(3) 


If posit.ioii of iJio star on such a plai.e c*a.n he measured wit-h a inierose.opic 
eoniparat.or to j>re(asi(>ti of 0.001 nnn.^ the position of the sta.r may he detcaanineHi 
to wit hin O.Oh^ which is about t h(^ onlcu* of :ie(uira(*y obtahiahh^ in i)n.ra.llax 
il(d(aanina.l ions. 

\adu(M>f t in' r(dleet<)r for posit ional work in a,sl ronoiuy is scu'iously lia.n(li<^a,pp(Ml 
by t lu* very limit (‘d fu'ld of t ht^ instnnrumt. Distort ion du<^ lo <‘ouui a.nd spheric,a.l 
alxu’nitjon of a. paraliolic, r(dl(a*t<>r b<*<a)me s(u-ious a,s wc proec(*(l away from the 
<,)pt i(‘a,l axis of t b(* mirror. h'or tlu^ })urpos<i of produeinf^; a- flat fi(*ld ov(*r a eonsidcu'a-ble 
a.r<*a two (h‘vje(*s lia,v<' b(*<*n p<*rf(*(h<*d for us(^ in e.oniu'ctaon with t he redUxh-or. 

Uoss dorrcclor.One of t h(*s(* is t lui Hoss eornador of prat^ta(‘a,lly /a*n) powcu* whi(^h 
usuaJly <‘<)nsisis of a, douhh't, one <^I(un<mf. of which is <a)nvex and tlu^ olJun* eon(‘-a,v(^ 
Tlu* l(‘ns is phic(‘d sonu^what. insider t h(^ f()(*al plane* of l lu* r(*fl(*(^t <)r and is so ri^ured a-s 
t,(> reduce t he coma, foniH*!! in t lu* imag(*s, wlii<*h in(‘reas(*s as t lu^ disla.ncc* alon^i; the 
ra,dius from tlu^ <*(*nt(a’ of tlu': fi(*l(l in<*n*a,s(*s. Tlu* sp(*<*ilic.a.t ion of tlu* l(*ns must he 
suit{*d to ea,(^h i)a,rtieula,r inst rument-(unployed. V. D. Hossof the Y(U'k<%s 01>servatory 
lia-s d(^sif»;ned sev<*raJ siu^h lens(*s. Tlu^ oiu* for the lOO-in. t(^les(*ope a-t- MoTint. Wilson 
has l-lir(*(^ s(*para-t<^ (*l<*m(*nts. Tlu* reduct ion of (uima. is nuuU* possihh^ a.t the sa-crificc^ 
of a eert-ain amount- of ast-ignuithsm but the in(*rea.s<^ in t-lu*. usable field of the reflector 
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resulting has added materially to the service which reflectors of large aperture may 
render. 

Schmidt Camera .—A very novel type of astronomical camera was announced in 
1932 by Bernhard Schmidt of the Hamburg-Bergedorf Observatory. The Schmidt 
(camera is an ingenious combination of a spherical mirror with a thin lens of peculiar 
curvature which is placed at the center of curvature of the mirror. The lens elimi¬ 
nates the spherical aberi'atioii introduced by the mirror and makes possible a con¬ 
struction of a camera of extremely short focal length and wide aperture ratio. 

Perhaps the most notable of Schmidt cameras was that recently installed at Mount 
Palomar in Califoimia which is the site for the projected 200-in. reflector. In this 
particular telescope the spherical mirror is of 24-in. aperture and the corrcciting 
lens 18 in. in diameter. Since the lens is at the center of curvatui-e of the mirror, it 



Fici. .3.—Eightcon-in. Schmidt telescope on Palomar Mountain, Calif. 


(xauipicK a. place at tlic upper end of the tube of the camera. Tlu^ {datt^ is placed at 
llie hxuis of the niirror, halfway between the sui'facc of the miiTor and the thin hai.s. 
Th<‘ mirror is nec.essarily made larger than the lens so that the 18-in. Ix^ain of light 
from t,h<i stJirs olT the axis may be fully reflected from the surfacm of t he mirror. 'Flu^ 
Sedunidt a,rnuig(utunt, therefore, makes possible a much widen- (dhxd iv<i fiedd t han 
can Ix! obta.imxl from either a mirror or a lens alone and has the aelvantage^ of {X'rinit- 
t,ing a f<><‘al rat io in this instance of //2. It was with this inst.remumt that, the two 
notal)l() suixn-novnie of 1 937 were discovered by Zwieky. 

The ingemiity of design of the Schmidt arrangement makes po.ssihh; a. foemi rat io 
of ev<!n //I. Such a camera of only 4-iu. focal length has been (lonstriud.ed for tlui 
liueld Ohsemvatory of Brown ITniversity iiiuler the direction of C. IT. Sinilcy. Mention 
should here be made of a 48-in.. Schmidt camera which is now being planiuxl for the 
Mount Palomar Observatory. 

While the Stihmidt arrangement has the groat advantage of larg(^ apeu-ture and 
(jxceptional speed, it is not without some disadvantages. The extremely short focuil 
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length necessitates a removal of a large amount of glass near the center of the spherical 
mirror, thus adding to the difficiilties of grinding. Furthermore, a lens to introduce 
the minimum amount of chromatic aberration entails a complicated figure which is 
somewhat convergent in the center, becoming divergent toward the edge. The field of 
the camera is of high curvature and requires the molding of plates or films to conform 
with the cxu’ved field. In spite of these difficulties, no other carnei-a has been con- 
struoted combining high speed with the wide field obtainable in the Schmidt 
arrangement. 

Auxiliary Equipment.—-A photographic plate is the logical medium for spectro¬ 
scopic work in astronomy, hence various forms of spectrographs art; employed in con¬ 
nection with the ttilcscope for the analysis of starlight. As the user of this handbook 
is hardly likely to enter the highly specialized field of astronomical spectroscopy 
unless he ho professionally employed at an olxservatory, a general description of 
spectroscopic instrximents a.s an illustration of the atiaptation of photography to 
astrophysics will sutlicc. 

Stellar Spectrographs .—The simpk'st form of stellar spectrograph and one widely 
used where sn\all-s<^ale sptn^tra of large numbtn'S of stars are required, such as for 
general classiiication purpost's, is the so-calknl “objective prism.” The objective 
])riHni as the tenan implies is a prism of glass, preferably of an ultraviolet-transmitting 
quality, that is pla.c('d immediately in front of the objective of the telescoijc or astro¬ 
nomical camera, thus dispersii\g starlight from ea<di star in the field of the telescope. 

SiiUH^ each star is esscmt ially a point source of light, the image of the star photo¬ 
graphed will 1x1 drawn out into lines with interruptions corresponding to the wave 
lengt hs n'prc'S(mt ed l)y t lie absorjit ion fn'quencii's of the. stella r atmosphere. In order 
to give' an appreciable brc'adt h to t.lie spectra, the base of the prism may he oriented 
parallel to oiu' axis of the li'lescopi'i and a. slow mot ion iinjiarted about the other axis, 
thus drawing the shuider speedrum into suitable breadth for examination purposes. 
The interruptions in the slend(*r sjiectra., therefore, broaden out into lines or bands 
eluiraet (M-ist i(^ of t lu' aiipearaiuu* of a speetrogram made wit h t he ordimiry laboratory 
slit sjx'cl roseopc'. 

Idir ti'U'seopes of (X)inpa.ra,tively great r(X‘a.l hmgt.h a, relatively small a.ngle, e.g., 
T) to 1 ()“, for th(( dispersion prism may he a.dopt<'(l and yet. render a, sutlieitmt. length of 
spect rum for classificat ion |)uriK)ses. d\) f.ake a(lva.nt age of t.lie full aniount of the 
lieam of starlight, falling on a. ti'h'seopi^ of given aixui ure, it. is oliviously neeessai'y that, 
th(‘ api'rture of the prism should Ix' as la.rge as that of the t.<de,scope. The great 
adva.ntag(' of tlu^ obji'ct ive iirisin is t.ha,t it. uses tlu' full a.mount of starlight a,va,ila.l)le 
and at t h(‘ sauu' t ime rc'cords large* numlxu’s of spcxd ra. on a single plate. 

When photographing stars with tlx* ohjeidive prism, the it'lescopi*, of course, can¬ 
not lx* [lointi'd in tlu* direct ion in which stars are sec'ii, but. a.llowaiuxi has to he ma.de 
for tin* angU^ of r<'fra,(dion through the jiartieular iirism (*inployed. This ent.a,ils some 
slight in<“onvcni('nce in din*et ing t he t ('h'seofie t.o t he: sky as comjiared wit h the employ¬ 
ment of tlu* more* eonvemt ional slit, spi'ctrograph wlxu'c llie l.elescxipe is direetoel 
imnx'ilia.tcly to the star, tin* light, of which falls on t.lie slit as would he the ease of any 
light, source utilized in laboratory appa.ra.t.us. 

bor a. study of st.ellar spect ra, of la.rg<*r dispersion a,ud gr<'a.ter resolut.ion t.han can 
Ix^ photograiilx'd by the ohji'cl.ivc jjrism, t.lx; slit, speadrograph must be employed. 
This form of apparatus oliviously is n(*<*essa.ry for dot.ernuniug shifts in wavelengths 
\»f stars introdu<u*d by veUxdty along t he liiu': of sight.. lU.ilizing Doppler’s principle, 
ra.dial v(*l(xdti<^s of a.pproa.<*h a,nd rixx'ssion for many thousa.ndK of objects in the sky 
iiave now Ixm'u detc'riuiiuid at. t he major ol>servatori(\s. A slit sp<*ctrograph for astro¬ 
nomical work dilTi'rs lit t h; in form from t hat of a, st andardiziul laboratory instrument, 
except for tlu* (witi*!^!)!! of design necessitated by t.hc o{)tica.l system of the telescope 
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and the introduction of mechanical devices which will render convenient its attach¬ 
ment to the telescope. 

On account of the wide ranges of temperature encountered in the doitie of an 
observatory which, of course, is open to out-of-door conditions, the optical parts of 
the spectrograph must be housed in a constant temperature case thermostatically 
controlled. In guiding the telescope for spectroscopic work, a guiding eyepiece is 
provided to enable the observer to be certain that the stellar image falls on the slit, 
continuously. The guiding arrangement usxially embodies a series of right-a.ngl(^ 
prisms through which, by total internal reflection, light from the star image on th<‘. 
slit is brought to a convenient observing point. 

For purposes of determining line shifts, means must be provided for comparing th(‘. 
wavelengths of lines in the spectrum of a star with laboratory standards of line i)osi- 
tioirs. To accomplish this, some auxiliary apparatus is needed for imposing a com¬ 
parison spectrum on the same plate with the spectrum of the star. This is usually 
performed by the use of a spark gap or vacuum tube near the slit end of the spectro¬ 
scope, light from which may be brought into the spectrograph by means of an aiixilia j’.v 
reflecting prism. By means of a suitable slit diaphragm the comparison spcMd rum is 
photographed on portions of the plate not occupied by the spectrum of tlu! star. By 
making exposures for the comparison specti’um, both before and after the exposure 
has been made on a star, a check is assured on the requisite i-cgistration. If, 1 hrough 
accident or change in flexure, the spectrum is disturbed during the process of exposur**, 
the second comparison exposure obviously will not register coincident with the com¬ 
parison specti'um made on the first exposure. For the interpretation of the line: sliift. 
on spectrograms, recourse is made to the comparator or micrometer microscope. 

Details of the design of stellar specti'ogi-aphs for tlie Mount Wilson, Y('rk('s, and 
Dominion Astrophysical observatories have been printed in their pulilicat ions and 
serve as technical descriptions of this form of instrument. A r('(^(mt, nioditica I ion 
has been introduced at the Yerkes and Perkins observatories where tln^ sp('ei rographs 
are of the autocollimating type. In this form a single huis is us(h1 both for the eolli- 
mator and the camera of the instnnruuit. In the ease of tlie hrigld.er stars tlu' gra ting 
may be utilized, producing a normal spectrum of relatively higli disjau-sion. 

The Speciroheliogvdph .—The spoetroheliograph is an inten^sting adaptation of 
the spectrograph for the purpose of jihotographiug the entire image of tlu* sun in t li«' 
light of specific emissions from the lines of known, elements in tin; sun. Tiiis was 
originally flesigncd by Halo in this country and by Deslandres abroad. Tlu> sixu-tro- 
heliograph utilizes the i>rinciple of a grating spcbctroseopc^ by nuains of which tlx- 
absorption line of a single element in the sun may be isolated, sueli as tlu' !!« line' of 
hydrogen. The enmera consists of an arrangement by means of winch a, in()\'ing i)lat e 
follows an imposed motion of the image of the sun across tlie primary slit, of t lu' sp<‘c- 
t.rograph. The n^sulting pliotograph consists essent ially of a scu'ic^s of adjacemt lamina- 
i.ions, each of which giv<!ia n repn^sentation of the proportion of the image' of tlu' sun 
covered by the slit in t.he monumt of exi)osure of ceaeh lamination and in the ligiit of 
the chosen wavelength only. Hincrn the plate moves with tlie same spc'e'd as chx's the 
solar image across the prima,ry slit, each elemental lino scetioti of the disk of t hc' sun 
occupies a fresh position on the photographic emulsion. If t he apparat us is pe'rforno 
ing smoothly, the integrated image of the sun appcuirs continuous, re'mU'iiug ix'autiful 
details of hydrogen clouds or flocculi that may be in evideiuxi at, the inonu'nt of expo¬ 
sure. It is witli the spoetroheliograph tliat a continuous watch is now k<'})t of erup¬ 
tions of hydrogen and calcium on the face of the sun, which in many instances coincidi' 
with disturbances in the ionosphere of the earth, causing fade-outs in radio reception 

The adaptation of the spectrohcliograph to motion-picture photograph>' has bet'u 
accomplished l)y McMath and Hulbcrt of the McMath-Hull)ort Observatory of (he 
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tJniversily of Michigan. Such a devicse is called a “spectroheliokinematograph.” 
At the present date (1939) a new tower telescope with apectroheliographic and spectro- 
heliokinernatographic cquii)ment has been constructed at the site of the McMath- 
Hulbert Observatory at Ijake Angehis, Mich. By means of motor-driven mirrors, 
sunlight is brought through the top of the tower vertically downward to the slit of 
the spectrograph in the observing room. The spectrograph itself is contained in a well 
extending below ground to a depth of 31 ft., thus insuring convenient temperature 
control. A 6-in. grating of 1/5,240 lines to the inch is used for the formation of the 
spectrum. The motion-picture camera, is a modification of the Bell and Howell Super¬ 
speed check-pawl mechanism such as has been made only on order for the large pictunj 
producers. Synchrono\is motors insui’c unifonn motion, both for the film and for the 
itiotion of the slit with respect to the image of the sun. An excelhmt brochure on 
t he design and detailed construction of the <Hiuipmcnt is contained iix Publications of the 
Observatory of the Unwersity of Michiyan, Vol. 7. The most reinarkalde rtiotion pic- 
t,vires of solar erupt ions ever ycd. recorded have already resulted from the ingcinuity and 
skill of the McMalh-Hulbert obsc:rvers. From the point of view of science, this is 
perhaps oiu^ of the most remarkabU^ adaptations of phot.ography of modern times. 

In a,fldition to the photography of th(i solar promiiuuu'i's and flocculi with the 
sp(>ctroheliokinematogra,ph, mention should be made of the very sucaiessful work of tho 
McMath-Hull)ert Obsi'rvatory in producing motion pictures of the moon showing its 
rotation, the rising and s(*tting of tlu^ sun, and conspicuous lunar craters and moun¬ 
tains. Motion-pi(hure photography of this observatory lm.s also includcHl probably 
the finest, record of a, total ('dipso of the sun yet rcH'onh'd on motion-picture film. 

fleliostat, Siderostat, and CoelosLd.- —In many probhuus of a.st ronomicial photog¬ 
raphy involving lu'avy apparatus of a c.onqih'x nature suc.h as a speidrograph or a 
spe(d roheliograpli, it is ofb'n (h^sirable to ha.v<'t lu^ tehiscope fixed in oil h('r a, horizonta l 
or vert ical direct ion. Under su(d> circumstainavs, an auxiliary mirror drivi'ii by clo(ik- 
work, or a .synchronous motor, n'fUads light from t h(' c<'l('stia,l olijiM't s into tlie lens 
system. ()n(> type of instnmu'nt. us('d for reH(‘(hing light, from the sun or st,a.r in a 
constant direct ion is calk'd a. “ lu'liostat, ” or sonn't inu^s a, “siderostat.” This c.onsist.s 
of an optical-plane mirror mounti'd on a, polar a,xi.-? tviriu'd by the driving nuadianisnis. 
The mirror is also pivoti'd along a (liain(h.er at, right a,nglcs to th<* polar axis, so that, it 
may hav(' a. suppk'inentary mot ion in (k'clination to rea,ch lh(^ sun or st ar on eit her 
si<l<> of 11n'; ('('h'stial ('(juator. A gr<'a,t disa(Ivantag(^ of this singk' mirror heiiostat, is 
that t lu' fi('ld of vi('\v rotal<‘s in the t <'k>s(a)p(‘ as the mirror is drivi'ii tiy clockwork 
about the polar axis. To ohvia,t,<' tins difliiailty, tin' (Mx'lostat, luis b('('n <l('vis('d. In 
the: coelostat a, second mirror is fih’ua'd south of and a,hov(^ the: l<iv<'l of tln^ primary 
mirror from which t he Ix'atn of light, is first, r(4k‘ct,<'d. By tlu' us(' of this s<x*ond mirror 
t,h(' light Ix'ain n'c^eivi'd from t,h<' moving mirror can b('s<‘nt in any convi'nic'nt, direc¬ 
tion, irr('sp('(d iv(' of t lu' posit ion of t h(' sun or th(\ cch^st ial ol)j('<d . However, on 
acx'ount of t h<^ cluvnging (h’clina tion of th(> sun a,n(l l lu' wide dilT('r('nc(^ in (k'clinat ion 
of t h(' star, it, is mx'c'ssa.ry to mount, the sccondiiry mirror on a. (*a,rri;ig(^ (ai.pabk^ of longi¬ 
tudinal motion in two din'ctions. Or, as is sonnkinu's llui case, the iirimary mirror of 
t,h(' h('liosta.t, may Ix' mount<'d on t lu' (carriage' providing longitudinal mot ion ('a,st, a,nd 
west,, while th(‘ sc'condary mirror may Ix^ inovi'd along a. track north and south. The 
adjust,nu'id of the carriage's on tlu^ tra<d( iirovide^ for ri'aching light, from tlu' sun or 
stars in almost, any fiositioii of t he sky a,nd din'i-ting it, along t he axis of liu^ t.elesc:opc! 
to Ix^ placexl in (hitlu'r a, vendical or horizontal iiosil ion. 

This (X)tnl>ina,tion of two mirrors, which comprise^s the coidostat,, ha,s t he advantage 
that tlu' fii'ld d(X's not rotate: wit h t,h<^ turning of the main mirror about the polar axis 
if t,h(^ lat ter has be(m a.d('(iuat<'ly adjust('d parallel to the axis of t h(' earth for th(usta,tiou 
of ol).serva,tion. It may be r('in('mlx'red that, in tln^ (uisi; of tlu' c.vx'lostat, a clock or a 



744 


HANDBOOK OF PHOTOGRAPHY 


motor moves the main mirror at a rate of one complete rotation about the polar axis in 
48 hr., not once in 24 hr. as is the case of the directly mounted telescope. The explana¬ 
tion is, of course, that the motion of the beam of light reflected from a moving surface 
is displaced by twice the angle at which the reflecting surface is displaced in the unit of 
time. 

Photographic Plates and Stellar Spectra. —In commercial photography at the 
present time, photographic emulsions are largely used on celluloid films. The celluloid 
film has the advantage of lightness in weight, small storage space, and freedom from 
breakage. In astronomical work, glass, however, is still extensively \ised for sxipport- 
ing the photographic emulsion. The chief reason for this is the need for making 
ac‘.exirate measurements between positions of stars recorded on the plate and for deter¬ 
mining with high precision the wavelengths of lines in stellar spectra. For qualitative 
work to some extent, celhiloid film may be employed for astronoxnical purposes where 
the qxiestion of expansion or shrinkage of the emulsion with moisturx'i or tempera,tun^ 
is not sufficiently serioxis to promote observable distortion. One good cxa,nipl(^ of t,h<x 
use of e.elluloid film in astrononxy is in connection with motion-pictxire jxholography 
of solar promineneos axul flooculi with the spectroheliokinematograph desco'ihcd in a,n 
('arlier stMd ion. 

As much of tlu^ olxserving, however, is astroinetrical in nature, the cct<\stinl pholog- 
rapher must make provision for adequate storage of glass plates. As each glass pla.t(i 
is esscmtially an asti-onomic.al record of some portion of the sky at a givem instant, 
a, coll('ctiou of su<!h plates forms a, veritable photogx'aphic library to wlii(di r(‘f<M’(m(a\s 
may later ina.de in c.a.se of the a.ppea,ranee of new stars or the diseoAM'ry of eonuds, 
meteors, or minor pla,n(d,s whose ea.rlior history may iiave (^sc-aixul allxmlion at the 
limi' of the origina.l exposure. Ti»e most extensive photographii; lil)ra.rv of 1 Ix' sky 
('.xists at 1 lu' JI}irva.rd CoIleg<^ Observatory which now eoinpriscis sonu^ 400,000 jxlates. 

A’peed as. (train. —Tlxn-c: an^ two important requisites in th<^ s(de(d ion of pla tes for 
nstrouoinica.1 [)urj)os<^s: (1) spetxl a.ixl (2) grain. Since exposures upon faint c.eU'stial 
objects are n<‘(*(‘ssa.rily long, often entailing the entire period of darkru'ss in a. single 
night,, it is de^sirahh' (.ha,t lh(‘ (xnulsion s(>leeted should lie as ra,st as is fiossilily c.onsistx'ut 
wit h (lualit y and with sizi' of grain. Sonm rapid pla,tes that liave been develop('d liaxa* 
poor kcK'pnig qualith^s arxl contain many blemishes, wliicli, while not a. sc'rions harxli- 
cap in e.oinnu'i'cial jxliof.ogrniihy, nmder the jdatos prohibitive for sOenlilie us(', since 
hhanislx's a.ixl uueciual sensitivity may cause false dc'duc.tions wlx'u astronomical 
ohjxMds a.re examined. In geiu'ral a fast plate is of coarse grain inqx'ding tlx' detaih'd 
recording of ceh'st in,l objecd s nxiuiring the highest po.ssilile resolut ion. Furl hermonq 
siix'c Kt(dla.r imagx^s are at. lu^st, but a small aggregation of n'diicc'd silvx'r grains aixi 
since the dista.tu'es lad,ween many pairs of images on a pliotograplue. plat*' an* often 
1.0 b('i measured wit h t he niieronud.er micwoscopo, a plate of coars** grain int roduec'S 
diflicnlties for tlu* nx'a,sur('r in endeavoring to bisect the image of tlx- star with tlx' 
spider t.lirea.<l of a. initn-onx't ('r niierose.ope. For many purposi's, 1 hen'l'on', a n'lat ivc'ly 
slow plate of fine grain is iirc'h'rable, even t hough it nxa,y adtl ma,t.*'rially l.o t lx* pa tif'iiec 
re<piircd of t.lm ohserva'r liy iiua-(ia,sing the exposure time at the t.c'lescofie. 

The (juestion of tlx* building up of the photographic image under the act ion of liglil 
a.iul tlx* law of inerea,sing density with illumination and exposure linu', eominonly 
known a,s the "r<adi:)ro<dl.y law," have been adequately described ('Isewlx'n* in this 
handbook. The r<‘sponse of different, emulsions to light for a given ('xi)osure depc'uds 
not. only on ial.ensity a.nd e.\’i)osiire tinu> but quite as much upon the siiect ral distribu¬ 
tion by wn,V(d('ngths. The emulsions, therefore, must be seloc.ted with a view to color 
resjxmse to which they are most sensitive. The accompanying chart rc'prt'si'uts tlu* 
\vav<dength response of some typical emulsions produced by the Fast,man Kodak Co. 
for Hstronoinical and spexd roscoi:)i<‘. work. At the lower end of tlu* diagram it will lx* 
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obsfirved t hat, the O onuilsiou is responsive to wavelengths between 2500 and 6000 A. 
At the extreme \ipper right of the diagram the emulsion is particularly responsive to 
wavM'h^ngths of 10,000 to 12,000 A. 


EASTMAN SPECTROSCOPIC PLATES 
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been uniformly blackened. The illustration herewith reprinted by the courtesy of the 
Eastman Kodak Co. shows these tracings for their plates as follows: • 


Table I.— Resolving Power to White Light 


Material 

R. l\ 

Material 

R. P. 

Rtistmaa 50... 

38 

Type 1. . 

4r> 

KaBtman 40. 

40 

Type II. . 

50 

EaHtriifin 33..... 

60 

Type III* . 

70 

Eastman ... 

80 

Type IV. 

85 



Type 144. 

80 



Type Y. 

160 


Tlu^ <u)luitui marked R. P. opposite the types of emulsions gives the e.orrespoiiding 
rcisolving power which may h(i dcvfined as the number of lines (black and white of equal 
width) per millirueter on tlie plat.e that may be fully resolved into separate ontilit's. 
The list is arranged in order of dec.reasing sensitivity in each of the two listings. 

(Uilor Curves .—The s(ile(dion of plates for photography with refracting telescopes 
nHjuircis tliat a plate be emiiloyed with spectral sensitivity specially suitcul to the 
n^gion for whicdi the lens of the refractor has its best field if star imagtjs of good (Udini- 
tion are to nisult. Tliis pn^supposes a knowledge of the color curve of the lens. The 
<rolor c.urvc': of the lens may b(i determined by finding the exact focus of a star for.spt'ci- 
funl wavid<uigths as will bo explained in a later section. 



Pig. ().—Color-sensitivity eurvo for emulsion P. {Eastman Kodak Co.) 


For most visual nd'nudors t he flattx‘st part of the color curve is in tlu^ neighborhood 
of r)()()f) A. ]<\)r ])lu)t()grn.{)hy with such a tek'seope, plates part.i(adn.rly s<msitiv(‘ to 
t his H'gion should tluu’cfore be scde^cted, siudi as the panchromatic plate of Class B or 
Class C stuisit.izing. To pr('v<Mit blurring of the stcdlar image b.v out-of-focus rays of 
shorter or longcu' wave lengths, a yidlow filter should be used in front of t he (unulsion, 
such as t he Wra.tt.(m filter No. 12 which has been adopted by most of the major ob.serv- 
a,t(vries. d’bc; (u)lor (uirv'c of t he ])a.mdiromati(‘. emulsion B represented a.bov(^ shows 
fairly uniform s<msilivi(.v froii» wa velengths r)200 to 6400 A. 

Th(' ndkading teI(^sco|)e has, of (•,oiirs(', a great advantage in that thcr<^ is veuy 
litt le sp<v*t.ral scMc'e.l.ivit .v in tlu^ n'flcad ion of light from a silvered or aluTuinizcKl surface, 
at. least- throughout tlu^ six-etral n-gion t.ra,nsmitt-ed by tlie atluosphen; of the (‘arth. 
In a.sl rouomi<‘al work involving inve:st igations of colors of stars, a variety of platen 
<‘mulsi()ns nuiy be utili/.ed b.v t-lu^ saim^ instrument in eon.junction with appropriate: 
filters. This, of e.ourse, ea,nnot bt> so effectively done with the n^fraetiug typ<i of 
instruuK'nt on a.ccount, of t he strong color eliaraeteristics of the lens. 

The (‘xistenet^ of dark stars whose', radiations arc too far in the infrared to ma,ke an 
impn'ssiou on t lu^ ordinary pla-t-(' have been recently found by HetyJer of the Yc'rke's 
Observatory through tlie us(^ of .supewsensitive panehromatic eimdsions. Oftem the: 
sensit ivity of t lu'se emulsions n\ay be materially in<*,reased by hype'rscnsit iying wit h 
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ammonia just prior to exposure. The procedure recommended is to bathe the plate 
for 1 min. in a 4 per cent solution of 28 per cent ammonia. To avoid fogging, the 
temperature' sliould lx; maintained below 55°F. and the plate dried as rapidly as possi- 
l)le immediatel.y aftt'-rward. In the use of a fan, care should be exercised to see that 
the air is dust ['ree, suclv as will be the case if the procedure is carried out in. a suitably 
constructcHl drying l)ox. If plates so hypersensitized are not used with reasonable 
promptiH'ss aftcu- tlu; hypersensiti/ang process, they should be kept in a refrigerator 
xintil ustul. On account of their low humidity, mechanically cooled refrigerators are 
to 1)0 preferred to those employing natural ice. The refrigerated plate should be 
brought to normal temperature 24 hr. before use to prevent the condensation of mois¬ 


ture upon the emulsion during exposure. 

Exposures.— h]xcept in tlic case of photography of the sun, moon, and planets, 
exposures in c.clcstial photography may vary over a range extending from a few min¬ 
utes to many hours, depending upon the faintness of the object photographed. There 
is an old adage current in the early days of photography, ^dtjxpose lor the shadowsj 
the high lights will take care of themselves.” This may l)o paraphrased for the celes¬ 
tial photographer, “ hlxpose for the faintest stars desired, and let the brightest take 
care of themselves.” The expo.sure time, therefore, for a celestial photographer 
depends (‘ut in'ly upon the equipment available, speed of the plate, and the magnitude 
of the faintest, stars which it is desirable to record. 

For the fainti'st. (‘xt ra,-gjda(!tic nel)ulae on which theories of the expanding universe 
deixuid, the largest. t('l('^s<*opes ava.ilable necessitsite exposur(*s eciuivalent to several 
nights of ohservfitions. 

Wln'ii an exposure of gr(\*il,er length than the duration of darkness in a, single night 
is n(‘cd(‘d, the slid)' of the platoholdcr is closed, the plat.c'holder, however, being left in 
pla,ce, and tlu' instrunx'nt. undisturbed until t.he lollowing night.. At t.he beginning 
of t he next pc'rioil of darkiu'.ss, t he telcsc.ope is a,g)dn dinH4.ed to the region in (pH^stion. 
'I’hc same guiding star is brought ('xactly t.o the sjum' int.ersc'ction of the cross wires in 
the guiding eyepic'ce. Tlu'u the slide of the phit.ehohU'r is wil.hdrawu a.nd exposure 
eontimu'd. 'I'liis proc(><hire is not at a,11 utmomnion in the e.ase of phot,ogra.phing 

spectraof faint. ol)je(4s. ' ' . 

In t lu' cas(‘ of direct. photogra,phy, t.h<u-e is a, c(>rta,in a,mount, of illumina.tion^of the 
night sky which introduces a. slight fogging of the ha.ckground of the i)la.t.e. To pro¬ 
long the expo.siin^ so tliat this fog ,)blit.(‘rat.es tlu' faint.cst Hla.r inutgos recordable is 
ol)viously futile. Henct' fora.giv(>n ty pe of ('inulsion a.nd!>, given form of teh'seope, tl)e 
light of t.lu' night sky usually sets a limit, to th(> maximum pra.ct.i(%n.l (exposure pi'riod. 

If groups of brighter stars only are (h'sirahle, exposure ma.y b(> r<^st,riet.(‘d t.o a.s short 
an int('r\'al as will pro<lue(' a. nu'asurahle image of the giv('u stars. The snudler and 


h('t.t('r d<‘fin<‘d tlx' star image hcieonu'S, 


t he mon'sat isfactory t he result. When t.lu' 


plate is expos('d for stars of faint magnitude, the stars of t.lu'.s(‘eond a.nd first, magnitude 
will b(‘ gro.ssly ov(>re\posed, producing a. largt' blotch on lh(' phil.e wliieh w'ill oiten 
obseuia' faitit stars in th<‘ immediate vicinity of the l)right('r ones. Oiten a rotating 
.si'ctor is emplo\’(‘d during the (exposure t.o cut. down the light, ol a.n inl.erl(U’ing bi ight> 

stju*. _ _ . 

It is appropri.at(‘ to nu'ntion luue the mark('d cha.ra.eteristi(is on tlie inutge 

of brighter stars fouml on t h(‘ image's of t lu' photographic pla.t.<' takc'n wit h a. reflector 
as compared with a n-fraetor. In the ea,.se of a. lelleet-or, tlu' brighter images are 
eharaet(>rii',ed by a. diffraction patta'rn which b'lids to produce a. scpiarc' image, (>fUm 
taking the form of a Creek (“ro.ss, as the exposure' is prolonge'd. Tlu' scpiare image 
a.nd tlu' cross in tlu' case' of t h<' rc'dector are dm' t.o tlu' di ffract ion pa.t.t.ern of light 
produced as the' ri'sult of th<' linlike' supi>ortsat the uppe'r ('ml of t.lu' t ube of the reflec¬ 
tor that, hold the auxiliary mirror in the axis of the telescope. For stars u<.)t over- 
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exposed, this characteristic seldom appears and the round images can scarcely be 
distinguished from those taken with the refractor or lens camera. 

Determination of Focus. —Unlike the sun, moon, planets and an occasional comet, 
the images of stars on photographic plates give no delineation of the obj ect photo¬ 
graphed since even the largest stars at the distances encountered iiv astronomical 
photography have an angular diaiiAeter far below the resolving powers of either the 
telescope or the photographic plate. The star images obtained vary in size depending 
upon the. brightness of the star photographed. Each image, of course, rcprestnits the 
reduction of a substantial number of silver grains acted upon by the light forming tlio 
diffraction image of the source. As the exposure is prolonged, the area of reduction 
of the silver grains spreads more or less uniformly in all directions, thus enlarging the 
latent image. In order to produce images of the faintest stars, it is necessary that 
the plate be in the exact focus of the lens or mirror employed. The focus for stollai* 
work may be determined either by (1) trial and error or (2) calculation from cxtra-foca.1 
images. 


In the. trial-and-error method a series of exposures of a few seconds are made on a 
bright star, starting with the plate well within the known focus of the ol).jcctive or 
mirror, and making successive exposures after changing the focal setting ))y 1 or 2 mm. 
until the final exposure is made with the plate well outside the known focus. By 
turning cue. of 1 lu5 iniefometer screws of tdie plate carrier between each exposure, a 
suitable sciparation of the multiple images can be secured. 

After the plate has l>een developed, a series of star images will be ohservcKl of 
varying size, depending upon the distance of the plate from the foeus at tlie time of 

each exposure. If the focal settings for tluf 
ex'i^osuros have been appropriate, thert^ will 
appear tw'O or three of the smalkist imagt^s of 
about the same size. By interpolation, t here¬ 
fore, the focal setting for the smallest image or 
position of sharpest focus is thus dctcrmiue<L 
It is important to record the t.cinpera.tur<‘ 
of the air surrounding the canicru, for, owing to 
tlH^ exi^ansion and contraction of the t,('l(^sc(>p(‘ 
with tcmperatun'i, the focus thus d(^t('nniiUMl 
will not bo coiTcc't for a.uy otluu' op(u*a.ting 
tcmpcu-at.ure. If care is tak(>u to provide: a. 
series of focal settings for widely diffmauil 
tluirmoineter rending.s, a curve may l)e dra.vvn 
for a given instrument which thereafter will 
sliow the proper setting of tlu’; pla((^ for any 
tmnpcratun^ eacountcnHl under working (^oiulitions. It is obvious that a cabbrated 
.scale <)( sonni sort shouhl be pimvided, along with an appropriab^ imh'x altacdual to 
the platehohhu- to bulicuit t^ rehd iv(^ settings of the. plate with respetd. (o tlu' oi)lical 
syst,(uti of instruuamt.. 

It is often (h'siral)le to (l(dcrniit>c (lu' photogra.phi(^ focus of a given tel(^scop<‘ or 
ast.ronoinical (■a.tm>ra. by calculatimv from llui results of two exposures, on<' of which 
is ma.d<i w<‘Il inside iJui foca l plaiui and the other of \vhic.}» is made well t)utsi<l(' the: focal 
plane. 



Kio. 7. -- I) i a. >>: r a. Ill showing 
nuit.hotl of determining focal lengt.li 
f>r telescope by e.Kl.ra focus method. 


In deternuning the bxuis by the extra-focal method, a cardboard diaidiragni is 
placed in front, of t lu^ hms or mirror with two openings at the extremities of a diameter. 
In tlu^ (uisc of a. huis of 10-in. aperture the openings in the cardboard screen may be 
(deanly cut round holes of ahoTit 1 cm. in diameter. Punches such as are used for 
cutting wads for gun (uirtridgos or tlmsc usgkI by sailmakers for punching boh^s in 
canvas to receive grommets serve as excellent tools for the purpose. 
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If fi n nta the disstaiiee between the two openings in the cardboard screen and 
I I niu bs Neat the (corresponding; distances between the images formed on the 

(nkfti tnsido and outside the focal plane at distance and from the focal 
plane, thcui llu' following proportion holds; 


h 

b-2 


tl 

d-i 


a 

F 


(4) 


whert' /' is thi* dist aiuH^ ol t he d(':sired lo(‘us from the lens or cardboard screen. 

In general it is inconveniemt to doterniine by measurement di and da since the 
po.sitiim ol t lu* tocuis is itst'li unknown. If, howcjver, the attached scale reads continu- 
tniMly with increasing numbers from a point inside the focus to points outside the 
toeu.s, ii .s’l and .s^, n'spt'cti\'(*ly, r(‘present the scale readings of the index for the posi¬ 
tions of the phit<‘hold('r to whic^h the two exposures arc made, and if/o equals the scale 
.s»*tting for the focal point, w<^ ()hs<'rve that 


•''2 — 1 — di -j- d’i 

From the g<‘oinetry of the sitinition 


hi ^ /,, — Si 

Vi F 

;ind siiuilnrly 

hi ^ Si — /() 

u F " 


(5) 

(6) 

(7) 


I liniiii.Mt iii)^ l>ol h </ and F fi'oni th('s(‘ ('<iua.tions and solving for /o, we find 


Sih\ d” Sihi 
hi -h hi 


( 8 ) 


'This gives very .sini[)ly hy ealculat ion t in' scaile .s(i(.ting of t he plate for the focal point/o. 

'I'his method has tin' advaiit ag(', in that, less labor is entailed in making the series of 
(let erm ination.*< of (he I'ociis for eluinges in (,('m|)('ratur(^s. It will l)e obsex'ved that 
neither <t, the dist.-ince h<'lw<‘en (he ap<'rtures in (he cardboard screen, nor F, the exact 
(Ustanee te I lie focal iioint from (In' l('n.s, ('liters into the final result. If the precise 
ioc.'il h'ligl h of t In' h'os or mirror is divsiri'd, c.f/., to dc'termine the scale of the plate, tliis 
may he found from tin' I'xpn'ssion 




if I, — .s'l) -j- {si /()) 


hi 


(9) 


'.\lier(’ ii i,> known from nn'asur('m('nts. 

It is (ifleii ( l(‘sirahl(', iiisli'ad ol using (V'lrdboard iliajihragins with a single pail of 
aperture: (■(.oin'ch'd l)y a iliann'p'r, to ('inploy a serci'ii conl.aining two pairs of aper¬ 
tures .'inanged :doug diann'li'rs al, riglit. tuigh's to etich other. If the fot'.al setting is 
dith'ivnt as (ieti'rmined from t ln'S(' si'pa.rali^ pairs of aperturiiS, some astigmatism is 
pre-<'nt 111 t he opt ical Hvsb'm. A ('unlhoard scrci'ii containing multiple holes arranged 
.Ml (bfh'rcnt radii from du' geometrical ('('nterof the lens and in different position angles 
IS fre(iuenlly emplovi'd in ohsi'rvatorii's for determining the optical quality of the lens 
nr niirtor hy aclualiy cah'ulating (In' focus for the objective for different zones and m 
(litfcrenl planes (list rihuted around tin* opt ical axis in position angle. 

If -1 prism is placi'd to inti'irc'pt (wo converging pencils of light from the two- 
Mpertun' screen. I'urved spi'ctra of a star will be photographed. By measuring the 
disintn'es h, and hi hetwi'i'ii (In' components of each pair of spectra at the positions 
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of known wavelengths of the spectrum, e.^g., the principal absorption lines of hydrogen, 
an accurate determination of the color curve of a lens may be made. A graph of the , 

results gives at once the relationship between the focal setting and the w'avelengths of I 

the light passing through the lens. I 

Measurements of the Photographic Plate in Astronomy.—Tlu; principal usc^s of I 

astronomical photographs may be divided roughly into two categories—qualitative | 

and quantitative. In the first category, astronomical photographs may be used for ,| 

the discovery of new stars, the so-called “novae,” comets, and asteroids. Here the 
important element is the existence of plates taken at different dates or times. The j 

use of a “blink” comparator, whereby it is possible for the eye to scan rapidly tlve 
objects first on one plate and then on the other, facilitates very quicddy the discovery 
of an object which exists at a certain date that was not visible at a different c'poch. i 

Similarly variations in the brightness of stars known as “variable” stars may 1>(> 
readily detected since the size of the photographic image diminishes with a diminut ion ’ 

in the bright'ness of the variable in question. Large numbers of stars of vary¬ 
ing brightness have been found in this way, and a considerable number of planetoids 
have been added to the asteroid group as a result of their presence being caught on 
photographic plates taken at various epochs. Many new stars and comets have like¬ 
wise been found by the sudden impression they have made on the photographic record i 

of a given night. These qualitative uses of the photographic plate continue to form a 
major feature in the program of many leading observatories. 

The moi-e precise use of the photographic plate involves the determination of the 
exact positions of the star images on the plate and determination of the rc^hitivc' bright¬ 
ness of the objects involved from the apparent size and brightness of tlu' sb'llar images 
represented. The branch of astronomy which has to do with th(^ calculat ions of t he 
exact positions of the stars from their photographic records is known as f)h()tographic 
“astrometry,” whereas the field of investigation involved in determining the brightness 
of the stars from the appearance of their photographic images eoinpriscvs the branch of 
astronomy known as pliotographie “photomet ry.” 

Astrometry .—In utilizing the photographic plate for iletermining a(^(mrately t he 
positions of the stars represented upon it, use is made of a precision (a)mpa,rat ()r, or 
measuring machine. This machine eonslructed in various forms usually consist s of a 
carriage to which the negative is attached and which is capable of movement by microm¬ 
eter screws in two directions at right angles to each other. It is of para,mount 
importance that the lead screws of the measuring machine should lx; of t lu' higlu'st 
possible precision if groat ac(;uracy is to be expected in the results of plate; m<;a.sur<>- 
inents. A microscope provides for a suit-alile magnification for the; photographie* 
images, each of which is bisected by the cross wire in the eyepie(;(; of t,h(' microscoix- 
while the scale readings of tlie micrometer scr(;ws are set down in turn. It is consid¬ 
ered good practice to make; from three t.o five settings upon each star image; in turn, 
always appre>ae;hing the; star image with the cross wire moving in t he; same' elirex-l ie)n 
to avoid backlash. After rcaelings have he;em made on all the; de'sire'el ejbjee-ts, the- 
plate is the;n usually re;verseel 180° on the carriage for a e‘e)mple;me‘nta,rv sea-ie^s 
of measurements. 

The rt;sults of the two series arc; then averaged together for the x !iml y e-e)e)rdina t e's 
e)f e;ach object rcferrcel to a hypothetical origin. The reeluction of t.he;se; .r a,ml y lineair 
me;asure;ments to the astrone)inie;al coordinates, “right ascemsion” anel “ ele;(;linat ie)n,” 
iiive^Ivo funelanu;ntal eejuations in spheric.al astronomy, correctieins to the; eairvature; 
of the field of the telescope, arc! corr(;ctions to the adopted se;a,le value of the; inst ru- 
ment involved. These considerations are beyond the scjope of this (;hapt(;r. 

Distortion .— The interpretation of the positions of stars det(;rmiiu;d from phoio- 
graphie pla.t(;s raises the question of possible distortion that may lx; introduced through 
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the contractioii or shrinkage of the photographie gelatin emulsion during the process 
of development and drying. Extensive investigations have been made to determine 
the degree of uncertainty which may be introduced on this accoiuit through the use of 
the photographic film in astronomical astrometry. Schlesinger in 1906 concluded 
from extensive investigation that the amount of error of measurement in photographic 
plates which could bo attril)uted to distortion were in general of the order of about 
+ 0.009 mm. (avt^rage m<'an error). The corresponding mean error in the observer’s 
bisection of a star image was calculated to be ±0.0020 mm. 

The subjecit of film distortion has also been investigated by S. Albrecht, Perrine, 
Ross, and others. All conclude that the amount of error; likely to be introduced by 
distortioti on the photograpliic film mounted on glass is small compared with errors of 
bisection of the image by the measurer. It is, perhaps, worth memtion that a series 
of tests by F. E. Ross in 1912 gave for the probable error of the measured distance of 
air-dried plates ±-0.0020 mm., while the probable error of a measured distance on al- 
<r()hol-dried plates was ± 0.0012 mm. It would appear that uniformity of drying, a feat 
which is accomplished very effectively by immersion of the plate iiv alcohol, is an 
important factor in keeping film distortion to a minimum. This has been established 
at least for plates of small dimensions, such as the 27 by 37 mm., used in the investiga- 
t.ion by Ross. 

Photof/fdphic Photometry .—From the introduction of the dry plate into astronomy 
it was ea.rly semsed that the size of the stellar image xipon the phite might be taken as 
an index of (lu' brightn(*ss or magnitude of the star. In tlu; y<^ar 1857 Bond of the 
Harv'nrd ()bs('rvatory (hunonsi rated an empirical redation betwcum the (‘xposun; time t 
and the dianM'tx'r // of the photographic image w'hich ho n'presented by the eejuation 

P + Q = //•■* (10) 

In th(' fornnila, /’ and are constnnt.s of the plate msed. Ijatc'r investigations l)y 
Charlicr showc'd that a. close' agreemu'nl. b(dw(‘<‘n ste'llar inagnittales aiul imaisunal 
eliaiiK'Icrs followe'd if Ihc! relat ionship we'i'ct (^xpresse'el logarithmie^ally by lh(^ ('(|ualion 

VI — (I — b logit) d (11) 

wlu're' tt! is the* niagnitiah' aial d (lu^ dianude'r of the ste'llar image', a and h be'ing platen 
eedisl ant s. 

.\t tibet Re>yal Obse'rva I eery in Clre'e'tiwie'h a, similar e'xjereessieen involving a .sejuare^ 
roeet re'lat iemship was femnel tee be' apielie'ablee (e> a. wiele'r range' e>f e'onelit iems as regjirels 
plate's aiiel inslruine'nt.s than e-eeulel leee satisfieel by llxe leigaritlimie*, e'X])n'Hsie)n. 
Ae'e'.eerehtegly the' feelleewing feenn, we'll kneewn in many eebse'rval eerie's, has feennel wide’s 
ae'e'e'pl atie'e'; 

m — a — b\'\i (1‘2) 

In ut iliziieg this feennula, feer the' e'ale'eilat ieen of inagnit eiele'S eef stars freem t he*ir 
pheeleegraphie' image's, seeinee insl.nime'iit. eef pre'edsieen .sue-h as t he' mie'reenu'te'r mieTeese'eepee 
is utilizeeel in me'asuring llie' vahu's eef e/, thee eliaine'teer eef thee sle'llnr image', 'riiee (]ua,n- 
titiees a a,ml b Jiree e-eenslants eef thee platee whie'h may e'a.Mily bee eleete'rmine'el from sinuil- 
tane'eeus e'epialieens whe-n twee <er meeree sta,rs eef ktaewn magieit iieh; tn aree phot.eegrapheeel. 

Sineeee thee pheeleegrapbiee iinagee eef thee star at be'st sheews nee we'll-ele'fine'el peeriplu'ry, 
thee |)rineeipa.l seeureeee eef erreer in me'asuring is thee uneeeertainly eef leee'aling (he ('Xtrcmit.iees 
eef thee eliaineeleer tee bee nie'a.sureeel. It is eeuste)ina.ry in rne'asureeine'nt tee meensuree two 
eliame'te'rs at rightr angle’s tee e'ae'h eetlu'r atiel tee (akee thee me-an. This is parlie'ularly 
ruee'cssary if Ihreeugh peeeer guieling eer eeptie'al elidieeult iees thee imagees a,r(e a t all eeleengateed. 
E.xpeerie'iu'e' shows that eeve’ii thee sanue ('.V<e may pass eliffeereent judgme'suts ou large 
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and small images in the same field. The fact that different observers using the same 
method will show reasonably good agreement indicates at least the degree of reliability 
of the results obtained in this way. The process is at best tedious and time consuming 
so that other methods for calculation of magnitudes from stellar images on photo¬ 
graphic plates are employed where a large amount of material needs to be studied. 
One of these is the scale method, long in use at the Harvard College Observatory. 

In this method a scale of varying stellar images is obtained by making multiple- 
exposures at intervals on a single star. By increasing the time of successive exposures 
in a definite ratio, a series of images varying in size by more or less constant steps may 
be made. Such a series of images forms a scale plate. By comparing tin' images on 
this transparent scale plate with the images of stars of known magnitude on the photo¬ 
graphic plate under investigation, it is possible to calibrate this arbitrary scale in t erms 
of magnitudes. With the constants thus determined for the scale plate, visual (iom- 
parisons are made between the scale plate and stars whose magnitude it is desired to 
determine. If for example a star image of unknown magnitude is found to fall midway 
between two images of the scale plate which have been calibrated as 4.2 anti 4.8 magni¬ 
tudes, respectively, the magnitude of the star represented by the imago under observa¬ 
tion will be designated as 4.5. Such a method has the advantage of rapidity 
of operation and is effective where estimates of a tenth of a magnitude giv(\s the rt'qui- 
site precision. 

Another method extensively u.sed in observatories is that of (^xtra-f()c:a.l images. 
In this extra-focal method the plate is purposely placed cither inside^ or on (.side thc! 
focus of the telescope. In this position the converging pencils of light rays from (h(‘ 
star are intercepted so that a circular disk of more or hiss uniform blaek(‘ning 
is obtained for each star. If the position of the plate is sufric.i{'ntly far nanovc'd from 
the focus, all these circular disks will lie of the same diameter but will vary in (heir 
degree of blackening, depending on the brightness of the star for a givu'ti ('xposur('. 
The degree of blackening of the sc'vcral images is measured by some form of (hmsiloin- 
eter in which a calihrated photographic wedge smdi as is used in (lu' Marlmann 
microphotometer is frequeiitly employ(‘d. 

In 1916 the author pulilished an a.ec()untof a.n apparatus and mediod for (l('((*rnun- 
ing stellar magnitudes from pliotographic. phites, utilizing a, tln'mioeouple in conjuno 
tion with a light source and galva.nome(,er. The npiiaratus (hus dc'vistal was ealh'd a 
“thermoelectric photometer” and wa.s found to l>c useful not only for nu'n.suring (he 
density of the extra-foca.1 imag('s Init, through tin* provision of sni(,a.l)le diaphragms, for 
the determination of magnitmles from focal images. Thc thennoehudrie pholonielx'r 
has the advantage over visual densit.omel.cu's in that no a,uxilia.ry pholographie wedge 
is necessary. Furthermore a jiliysical method of mea,sur('inent eliminalt'S eye faligmi 
and the personal equation involved where visual estimates must he imuh'. 

Various adaptations of the thermopile and photoeleetric (adl have since hfaui ma.de 
in several forms of densitometers for measuring the blackening of a,p[)ro(dnl)l(‘ areas. 
The advantage of the thermoelectric; photometer, herein dt;.sc.rihe(l in its original form, 
lies in the fact that it is ecpudly adaptable to the ineasurernent of foca l images of s(a.r.s 
that vary very widely in siz(!, the apparatus effectively intc'gratiiig or pra,(;( ically 
counting the total number of silv(;r grains reduc-ed by a given amount of sta.rligh(, widi 
a given amount of exposure. 

The apparatus consists essentially of a light source consisting of an in(;a,n(l(;se(m(. 
lamp fed by constant voltage whose highly condensed filament is projcie.ted (o (he 
stage of the instrument coinpleicly covering a small pinhole diaphragm (hat may l)e 
varied from 0.1 to 1 mm. in size. The diaphragm o(;(;upies a. position in tlu; centiu- of 
the observing stage of thc instrument. By a suitabU; optical system a.n imagi; of (lie 
illuminated diaphragm is projected on the surfa.ee of the thernuxiouple in eleel.rical 
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connection with a sensitive galvanometer. A long-focus microscope is used for view¬ 
ing the small diaphragm at stage center. The photographic plate is placed film down 
in physical contact with the diaphragm, and the plate is so moved that a star image is 
adjacent to the diaphragm. Radiation passing from the light source through the 
diaphragm to tlie thermocouple produces a given deflection D on. the galvanometer. 
Tlie plate is then moved until the star image to l)e measured is seen to be central within 
the diaphragm. The deposit of silver grains in the photographed image will then 
obstrued. a given a,mount of energy from the cone of light passing into the diaphragm 
to the thermopile, producing a. new galvanonu'ter deflection D'. The relationship 
holding Ixd.weeu the ma,gni(ud<' of (he stars and the galvanometer deflections has been 
found to be 

■m = « - i (13) 

wlu're a and /t — pla,( <' (>onsta,nls; 

8 — th(‘ [U’oportiona 1 fall in (li(> ga.lvanonu'tdefUndion repros('.nt<Ml by 
(lu! ratio; 



8 has Ix'cn (hdcrmiiuxl lor two or morc^ stars of known magnitiule a.j)p('a.ring 
oi\ a giv(ui plate, (h<‘ (pia.iit it i<‘s « and fi may be at onc*.e cva,luat,ed. The va,lu(i of l.lu; 
ga.lvarionxdc'r ihdhad ion /> for a. gi\-('n r<‘a.(ling will deptmd, of course, upon t he t rans- 
pa renci('.s of ( he [)la( film, t lx' (.hieknc’'ss of t he gta.ss, the voKagti of the sourtu;, and (.he 
r('sistanc(“ of llu' (luu-inopihvgalva nonudi(U' cinaiit. 

Since in (Ix' naliadion, how('vi‘r, only th(^ ra,t.io {!) — 1)')/!) is involved, it will be 
noted I ha.( any <-liang<> in I) du(' t.o a, (iluinge in in(,(U)sil.y of ( he light, source or (,ra.ns- 
pa rency of I he Him will tX)( afhxd. (lu' result , provided ( Ixm-oixI i( ions nariaJu constant, 
through (he mcasuia'UK'n(. of />a,nd 1)' for a. givf'ti s!a,r. Since it is found t.hat. va,ria,- 
(ions ('xist in ( Ik* ( ranspa r('nc v of t lx'glass a.nd film over diffenud. parts of a pla.( (^, it, is 
n('C(\s.sary that ux'asii rement (lirough (he xnH'xjuosc'd ])ortion of (lu^ film Ix^ ta.kfm in 
( h(' iinnx'd ia ((' iK’ighl xu’hood of the star for ( h<( ba,<d\gi’ou nd raaidings I). In pra,(h i(a^ 
(wo n'adings are cust oiua.rily ina<h^ on t h(' sta.r iiuagt^ a.nd (hre(^ la'adings ina.d(' on 
the l)a(d<ground imim'diately a.dja.e('n(., tlu^ r(^sp(Md i\’e im^atis Ixdng taki'ii for r(Mlu(i(,ion 
to magnitude. Instrunieids of (h<^ above (h'sign ha.vc^ Ixmmi in us(^ at. IIa.rva.rd, a.t, t.lu', 
Clase School of A{)pli(al Scienc<‘, a t t lx' St c'wa rd ()l>ser\'a,(,ory of t.lu^ I biivu'i'sit.y of 
Arizona, at I’erkius (ibsi'rvatory, aixl (Ix' Arg(ui(ine Na.(iona.l ()bs(U‘va.(.ori(\s. 

A nioditica(ion of tlx^ (herimx'hadric pho(onu'l<‘r by Sc-hiK. ha.s Ixam in use at 
"if ah', (lolundiia, a,nd ('Iscnvlu’ri'. In tlu' Schilt insl runu'ut. nu'chanica.l inoveuxuds 
ol (Ih' [)la (<' in rec(a ngada.r c(>ordinat ('s hav(' been provi<h'd wit h a.])propria.tscales for 
recording ( lu' api)roxiinat.(' positions of t.lu' stars nx'asured. In t he Schilt. instriunetd, 
(In' pla((' is held in a vertical plain', wli('rea.H in tlx' aut hor’s design (he plat<‘ is a,llow('d 
to (x'cupy a liori/.outal position. 

r/.seaf M(ujitilatul Color Iiulcx. Sinci! ( he ordinary [ihot.ogra.phic, plat.e is in 
gi'iiera l much moi (' sensil i\'e (o (lu^ blue a nd viohd. end of t he spiad ru m, high-t.iuniiera- 
tun' stars whosi^ emi.ssion is strong in the region of shoi't. wa.V('l(mg( hs will i^rodmm 
larger and blacker images on t In; photographiir nega,t.ive t.haii y('llow or rml sta,rs tha.t 
to ( h(^ vyo give lh(' impression of e(jual bright.n<^ss. Magnitude's of stars (hereforci 
d('t(U'inim'd from (In' photogra[)hie [)la.t.(e will difh'r (ainsideu'ably from magnitud(\s of 
tlu' saim^ sttirs made with a, vismil pliotometiu', on uce.ount, of the la,rg(^ difbu-e'nces in 
<'olor. Such magnitudes ari' therefore nd'erred to a.s photographic, magnitudes as 
(list inguislu'd from visual or photonudric mugnit tid(\s. Tlu^ photographic plat.e, how- 
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BVBTj with an auxiliary yellow filter such as the Eastman Minus Blue may be used to 
record magnitudes on a visual scale by the photographic process. When the yellow 
color screen is used, plates sensitive to yellow light, often referred to asortliochromatic 
plates, are employed. Stellar magnitudes on such a visual scale determined from 
orthochromatic plates with yellow filters are termed ^^pho to visual^ ^ magnitudes. 

If one compares photovisual magnitudes with the ordinary photographic magni¬ 
tudes determined from the usual blue-sensitive plate, the difference is connotated 
‘‘color index.” This quantity is obviously an index of the color of a yellow or rod star 
as compared to a white or blue star. Sometimes a red filter is employed in conjunction 
with a panchromatic plate in determining the degree of redness a star possesses. A 
careful comparison of color indices with respect to spectral types of stars yields a 
rather close correlation, so that stars of such faint magnitudes that a spectroscopic 
analysis is impossible may roughly betray the type of spectrum from a determination 
of the color index alone. From the color index the black-body temperature of the 
stellar surface may likewise be inferred. By the use of plates especially scuusitized for 
the infrared, such as the Eastman M or P, Hetzler of the Yerkes Observatoiy has been 
able to photograph dull-red stars not previously rendered visible. 

Precautions .—Since photographic photometry is in a sense a quantitative process, 
certain precautions should be mentioned in the use of star images for photomctri(! 
purposes. 

When focal images of stars are used, stars off the optical axis will produce, iitiages 
that increase in diameter as the distance from the optical center in(‘roa.s(\s. This is 
due to the fact that the field of any telescope has a certain amount of curvat un^, a.nd 
tinless, as is done in some instances, provision is made for curving tlie pla,t(^ to th(^ 
known curvature of the field of the lens or mirror, images of stars off the optical axis 
will be slightly extra focal; hence they are somewhat enlarged. 

It is possible to make a magnitude correction for this off-tlie-axis effect. To do 
this, the driving clock of the telescope may be stopped just as a bright star is (‘.oming 
into the field of the plate and exposure made. For a l)rigl\t star a hwv s(H‘onds sufli(a> 
to gain an impressionable image. After a few moments wait, a second exposure is 
made, and this process repeated until the star has passed over the entires platen du<^ 
to the diurnal motion of the sky. If the telescope has been properly hxuised, ilu^ 
images of the stars at the axis will l)o true focal images and thco'efore aj)i>(^ar t,o hv. of 
smaller dimensions than the outlying images. By any one of the va.rious nuMins of 
measurements previously mentioned, the magnitude differences of (^a.(di of tlu^ off-axis 
images may be determined and plotted against the linear distrance of c^acdi image from 
the plate center. From those data a correction curve can ho dra.wn from whi(di a. 
magnitude correction may be deduced to reduce any detenaninod magnitinh^ of a. sta,r 
off the axis to the photographic magnitude which it would have if it had l)een ('xposcal 
in the position of the optical axis itself. 

In developing plates that a,re to be used for photometric measurements, lada.t iv(dy 
weak solutions are employed for a developer, and a development time of o min. is 
desirable. Care should be taken to see t hat the plate is completidy cov(U'(xl wit h lln^ 
developer and the tray rocked manually or incchauic.ally throughout d<^v<do{)m<'nt. 
This insures uniformity in the ch(unic:al tn^atinent of the emulsion and also temds to 
reduce to a minimum Iho diflicaiK i(\s atta*ibutable to the so-cvilUul Elxu’hard efr(ad. 

Eberhard Effect.—The. Fherhard (dfeet is particularly conspicuous on i)la.t(‘s wlu(*h 
liave beeux overdev(d()]X‘d, espcunaJly where there is consitlerabh^ sky fogging in the 
background. It is uoticc^ahle as an aureole or light ring immediat(‘ly surroundLng tlx' 
stellar image. Its appearan(^e is explained by assuming a slight dilution of tlie (i(wel- 
opyer in the immediate neighl)orho()d of the star image where r<Mlue.tion of t silver 
grains draws most heavily upon the <^onsl.ituorlts of the developing agent. Rooking of 
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the tray during development reduces the trouble to a niinimum, as in so doing a fresh 
supply of developer is constantly brought into the region of each star image reduced. 
The Eberhard effect when present is particularly troublesome in making “back¬ 
ground” readings in the thermoelectric method of measuring a photographic plate, and 
presents similar difficulty wdienevcr measured diameters are involved. 

If photographic magnitudes determined from one plate are to be compared with 
similar measurements on control plates, it is essential that both plates be developed 
together in tluj same tray and likewise receive the same treatment in fixing, washing, 
and drying. 

There are certain characteristics of the photographic plate whicli the c,elestia,l 
photographer should constantly keep in mind. Some of tliese greatly aff(K>,t the 
sensitivity of tlie emulsion. 

Experieiuu^ sliows tliat tlie sensitivity of photographic plates gradually deteriorates 
with storag(\ After devc'hjpmcnt this can be noted qualitatively l)y a certain degree 
of foggim\ss, (^specially nea.r th(‘ (‘dgcis of th(i plate. If there is a long delay between 
exposure and dev(^loi>jn(‘nt, this change in sensitivity is wc^ll mark<Hl. Dark area,s 
tend to Ixamme darken* and liglit ar(uis fainter with delay between (ixposure and devel¬ 
opment. One might say tha,t the contrast is ma,terially increased by delaying the 
(hwelopment,. In celestial photograph.y, Iiowever, this means that faint stars or other 
(udestial obj(^ets which might have been near the threshold value of the plate and 
th('r(ffor<' just d<h<'ctabh' uj)on immediate^ development may Ix^ lost if the time l)et\ve(vn 
oxpt)sure and dev(*lopment is unduly j>rolonge<l. King stales that on such plates as he 
has t(\st(Ml a ir> j)er <*(‘nt <*hang<! has bet-n noted after a, month’s d(dn.y. In one ca.s<i, 
wliere a.n int(U'val of 9 months elapsed betw(M'n exposun^ and development, a, cha,Tig(i of 
SO per eeni was noted. In t(‘rius of stellar nui.gnitu(h‘s, differences as grea t as a, ha,If a 
magnitude hav(^ been found in n'sults, (hqxmding ui>on wlxUher the magnitude scude^ 
was ba.s('(l on the brightc'r or the fainter ima,ges on the ])la,t(^ cotuieriuxl. 

Anotlnu* eh'nx'nt affe<*ling the s(aisitivity i>f tlu^ pl!i,|,<; is the amount of humidity 
pn'senf during exi)osur(^. bven a sitjall amount of moisture. d('(u*<!a,s('s the s<uisitivo- 
iH'ss of a pliotograi)hic pla.t(i seriously. Wlxaj malcing ('xposun's for photoirud.rici 
purpos(\s, if comparisons ar<' to Ix^ ma,<le with a sta.ixla.rd light or a, comparison sla.r, it 
is d(*siral)l(‘ that a cotdrol ox-[)os)ire be ma.d(^ both at (he Ix'ginning and at, the ('ud of 
any s(*ries of exposun's for {)hotom/*( ri(! purposes. Almost, as importa.Td, as t ini degnxi 
of humidilx’ is tin* air t<'inp(‘i*atui'<^ to whi(9i t.lxi [)la,(.(! is ('xposed. With the lowtu’ing 
of tin* tempera tun*, a plate will in g(‘iu'ial show faint <‘r stars for a giv<m ('xposure liiiK*. 
If a, Heri('S of ('Xfjosures is mad(^ to d(*(('rrnim^ (lx; variation of bright,n(*ss of a, va,ria,bI(^ 
star and (lx* ((‘inperatun* is falling, an allowance; must b<^ nuxhi for (,his cliatig<‘ in 
(('mp(*ral ur<‘ dui-ing (he sm-ies of exjiosures. Usually (his is doix* by comparing t Ix^ 
images of other stars in (lx* li<'Id who.s<' light, is reganh'd a,s const aid,. It is alwa^'S 
(h'siral)!e (hat plates taken from t he darkroom should lx* in the plat(*lx)Id('r a.txl ('.xpf>s('d 
to t h(* t ('inpi'ra(ure of ltx^ (<‘l<‘scop(i s<“V(‘ra.l hours befon^ (,h(^ (‘Xposuro is a,ctua,lly t,o Ix^ 
mad('. 

Spectrographic Measurements.— '^I’lx* jirohh'in of inmisuring spect rogra.ms in 
ast ronorn i'*; 1 work is not very differemt. from that of iix'asuring sp<'(drogra.i)hi(^ [)la (('s 
from la bora t ory smi rees. ''Fix' d(>(.(“nnina.t ion of line posit ions on a, liix'a r s<‘a.h^ is ^na.d<^ 
w i ( h a su i (a hh* I'oin I )a ra I or. ddx* ixsluet ion of scale ratings to wavi'U'iigt hs in tlH'(‘a,s<' 
of |)rism sjx'ctra is usually efft'et.ed by tlx* u.se of tlxi w<'ll-ktx)wn Oornu-IIarlmann 
formula. 

. X — X(i ■ (,lbj 

.s -f- <!■ 

in which .s is tlx* rix'asured distaixa* from (Ix^ lin<^ of n'h'reuee, while; X, a, a,nd h anj 
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constants whose value must be determined from simultaneous equations covering at 
least three known wavelength measurements. 

The problem of determining the abundance of elements from the intensities of the 
lines in stellar spectra now forms an important study in astrophysics. The theoi'y of 
ionization phenomena and the method of measuring line contours by means of tracings 
made with a suitable microphotometer is similar to the problem of the physicist work- 
ing in a laboratory in spectroscopy. The wide variations in stellar spectra with the 
varying densities of stellar atmospheres, together with their temperatures, afford 
intriguing problems for the astronomical spectroscopist. 

A problem of astronomical spectroscopy not frequently encountered in ordirmiy 
laboratory techniqxie is that of the determination of the radial velocities of stars a,nd 
nebulae from the displacemc^nt of lines in the spectra of celestial objects from their 
normal standard positions. If Dopper's principle is utilized, the velocity may Ixi 
determined from the formula 


V 


c5\ 

X 


U6) 


where 5X = the ciiangcsd wavc'length due to tlic' aiiproacii or recc^ssion of the objeci. 
under observation; 

X = the standard wavelength of the known line; 

c — the velcftiity of light; 

V = the 1 ‘adial vcdocity or velocity in the line of sight. 

Tlu-^ cpia.ntity v obviously is plus if S\ is plus, i.e., if there is an iuerc^asc' in wavc'- 
huigth in the star line from that of the normal position. Similarly v will Ix^ minus if 
the wavciength decreases. In the first instance the cuiestial object is ree.c^ding from t hc^ 
(uirth and in the second instamxi approaching the eartli at the time the spec.t rograin 
was made. 

Since in gfuieral the ra.dia,l velo(*.ity of the star will be desired witli nvspecd. to t h< 
sun, corrections must be nnule for the orliital motion of the earth and, for great<'r 
a.c(‘.ura,cy, corr<v.tions for the inovenunit of the observer on a.(*c.ount of t lm rotat ion of 
th(^ (xirth. A third corniction, (lep(mding upon the small amount of motion of t he 
<‘arth a.hout tlie centen- of gravity of the earth-moon syst(vm, must Ixi maxh'i for st ill 
grea,t(n ndinenumt. The rediK'tion of observations involving such (mrnxq ions and 
the detailed proc(^dur<;s employed at va.rious ohservatoric^s are Ix'yond the sc;op<^ of 
this handbook. The readen- is rehx-nxl to Campbell’s “Stellar Motions,” Andr«”s 
” Astronond<^ Stcdlah’c,” a,nd similar works. 

Caaition sonudimes has to be used Iti interpreting apjmrent platen vehxut ic's for 
act ual v<'loe.ities of the (xdestial objects tlu‘ms<dv<‘s in t he lin<^ of sight. Pressnr(^ and 
r<da,tivity offe(d.s a,Iso seive to disphux': lines from their normal jjositions. It. is pcM-hap.s 
pat(ud, Ixn-e to remark the question of fix'; theory of the expanding univevrse n'sts upon 
intcirpnding t)la.l.(^ veloc.itic's of t h(^ extra-galactic nebulae in terms of t h(^ Dopi^ler cfTc'ct. 
alone. Shoid<l th<n-e occur rea.sons for believing in a change of frecpieiu'y of liglit 
through astronomical distamuis and large units of time, doubt would at once Ixi cast 
ui>on the validity of int(!rpreting plate velocities as actual velocities in the liiu! of 
sight. 

Mxperiments made by Mt^Cuskey at the Harvard Observatory hold consichx'able 
promise, for utilization of objective prism plates for the measuren\ent of radial vehx;- 
ities. Su<di a. method has the advantage of collecting a large amount of data from 
many stars on a single photograph witho\it recourse to the refinenumts of the more 
comi^licatod temperature-controlled stellar spectrogi-aph. 

Astronomical Photography Applied to Special Objects.—Mucdi of what, has })re- 
viously been written in this section concerns chiefly stellar photography. For photog- 
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raphy of t he sun, moon, and planets some special methods of exposure and pi’ocedure 
are necessary. Likewise, the photography of comets and of meteors requires special 
technique. The application of photography on occasions of total solar eclipses pre¬ 
sents again unique problems deserving special consideration. 

Photography of the Sun. —Photographs of the sun may bo taken satisfactorily with 
almost any telescope, provided the light is sufficiently diminished and tlie (‘xpt)s\ir(^ 
sufficiently short. In solar photography it is desirable to use a diaphi-agin over <he 
objective with an aperture which will provide a focal ratio in the neighborhood of from 
//50 to //lOO, the smaller ratio being used in the case of telescopes of large aperture!. 
For niaking ihe exposure, a focal-plane shutter capal)le of rendering an ('xposurt! of 
' iooo soc. is desirable. Care must be taken in case of larger focal ratios that a black 
curtain sluitter is not unduly exposed to the iTuage of the sun, as it may be burned 
through the excessive heat. For this reason use is sometimes made of a metal sluitter 
carrying a narrow' slit that may l)e passed rapidly in front of tlie ijlate. The a.ut.hor 
has found a very serviceable solar camera can lie made bj^ xitilizing the ba.ck (jf an 
old Cira,fl(!X. The back must bo provided w'ith a suitable adapter for attaching to the 
('ye end of the telescope. The curtain sluitter is set for time (!xposur(! with tlu! full 
aperture opim to tlu! ground-glass scrcicn for fo<!using (he image of the sun; tlu', platcv 
holder is ( hen inserted, the curtain screen ri'set for exposuri!, t he slide! drawm, and (h(! 
exposure quickly made. As soon as the exposure is made, th<! tel(5S(!oi)<! is directed 
aAvay from the sun. In (his mode of op(!ra(i<xn (lu^re is lit t le dangler from ( ho hea.t on 
tlic! curtain shutter. In tlu! (aise of a visual ndractor a color filtin' must., of course!, be 
(employed. 

In {irob'ssional ('(piipment for solar pliotography at obs(!rva.tories sp(!cialining in 
this work, th<! tel(!scop(! may b(' p(!rmanently fix(!d in a horizontal or v(!rtica.l position 
and light from tlu' sun fed to (h<! olijective from a. h(!lios(at. or coi'lostat . In t lu! (!as(! 
of (he lu'liot eh'scoix! (h<! cut in! building housing tlu' li'iis and pla t i' forms in its<!lf a, 
darkroom and r<‘i)lnc<'s th<‘ more conventional (('h'scojx! tulx!. A coi'Iestat. is i)la<!(!d in 
tlu! opi'ii und(!r separate shelter, light from whi(!h passes through a. (!ircula.r window in 
th<! olisi'rving housf' to th<! t (!l(!scope obj(!<‘t iv'<!. 

At tlu' Mount Wilson Obsi'rvatory near Pasadena, Calif., and I h<! M(!Ma.t h-IIullxirt. 
Obsc'rvatory at Lake Angi'lus, Mii'h., a, v<!rtical form of teh'seope is emiiloyed for solar 
work. Tlu' (('h'scopi' tulx' is held in a. vertical position by suitable! supports to a. 
surrounding towx'r. .4t (h<* top of (Ix' tower is ( Ix! coeloslat , easily prol(!C( (!d from I he 
w(*atlx'r by a dom(>. Tlx' moveux'iits of llx! donx! and of llx! ('(X'lostal. il.si'lf 
an!efTeelod by (he iisi'of motors witli r(!mo(.(! cont rol at (Ix! ground ('iid. An obs(!rving 
slx'lter comph'tely I'lielosi'd i.s eonstrucli'd at tlx' ground <'nd of tlu! (('l<‘S(!op(! tiilx'. 
Tlx' solar imag<‘ is formed din'ctly on tlx* plat<! which reposi^s in a. horizontal position. 
B('ca.us<' of t Ix' form of st ruct un' I'liqiloyc'd in t Ix! vi'rl ical (,('l<!S(!op<!, six!ti an inst rum(!n t 
is frequently calh'd a. “towi'r l<'lescop<!” or ‘‘solar tower.” 

A tower li'h'seopi' has an a<i\ an(age over t lx* horizont al (<'l(‘s(!op(! in t hat ( lx!a.( nx)s- 
pheri(‘ (list urbanei's in tlx* casi* of the vertical lulx! an! l(*ss disastrous than is th<! case 
in the horizontal teleseopi! where Ixaitc'd strata, of air ix'a.r llx* ground are const.ant.l.\' 
rising across t he opt ical pat h. Since at best, in photogra jihing t he sun, a. la rgi* amount 
of Ix'at from tlx* grouixl arxl surrounding obji'cts creates a turbuh'uei* ol air through 
which (he light \va\'es }>ass, it h:is been found in .some localities (hat (Ix! Ix'st hours ol 
t he day for .solar [ihotograjihy are in the early uxirning before (he a ir a ml grou nd havi! 
beeoux' highly heated. 

Ih'causi' of t he \’alu(' id' a knowh'dge of t he number and di.st ribiit ion ol .s])o( s on (he 
surfaci' of the sun, a group of ob.siii’vatoi’ies throughout the world aia* now eoojx'rating 
in .securing daily jihotographs of ( he sun, (ix* r<‘Hults ol which ari! lorwa.rd(!d in t his 
country to tlx! U. S. Naval Obsi'rvatory in Washington which publislxss monthly a 
summary of solar data. 
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Photography of the Moon .—While the moon is a very much smaller body than the 
earth, its proximity to our planet renders it a disk of approximately the same diameter 
as the sun in the sky. The solar camera forms, therefore, a useful piece of apparatus 
for lunar photography, the only difference in operation being in the length of the 
exposure. Under similar conditions, an exposure of the moon should be in the 
neighborhood of H sec. as compared with exposures of the sun of 1/1,000 sec. or less, 
depending upon the filter and focal ratio. The large amount of detail on the lunar 
surface, including mountain ranges and craters, together with the ever constant 
change in the illumination as the sun rises and sets over the principal lunar features, 
presents a fascination to the amateur photographer who has a telescope that may be 
adapted to the purpose. 

If two exposures on the moon are made with the moon at the same phase, but 
separated approximately one month apart in time, it will be found in general that the 
features in the second photograph occupy slightly different positions in regard to the 
lunar disk than in the first photograph taken. This is due to the fact that the lunar 
axis is tipped slightly toward the earth and also on account of the fact that, while the 
moon rotates uniformly on its axis in a period of one month, thereby always presenting 
its same face to the earth, its slightly eccentric orbit causes it to travel at a nonuniform 
motion. The apparent displacements of certain lunar features, therefore, with respect 
to the disk for the reasons mentioned, are called “librations.” If the two photographs 
taken at intervals of one month at corresponding phases of the moon are mounted 
together and viewed with a stereoscope, a beautiful stereoscopic effect results from 
these librations, the moon presenting in the stereoscope a very real spherical form. 
For one who is interested in lunar photography detailed maps of the lunar surfax‘.e have 
been published and may be obtained from book sellers and scientific supply houses. 

Photography of Comets .—The appearance of a comet in the sky affords umusiial 
opportunity for the celestial photographer. Great detail may be obtained from 
cometary photographs that cannot be observed by the naked eye. The principal ( rick 
in photographing a comet is to have an auxiliary guiding telescope attached to the 
photographic telescope so that the head or nucleus of the conietary object may be set 
on the cross wires of the guiding eyepiece and kept in position by means of the slow 
motions provided through the entire exposure. This is necessary since a comet is 
a relatively swift-moving object among the stars. 

The driving clock of the telescope can be expected to follow only the general diurnal 
motion of the sky as the stars move from oast to west. As the observer must, make the; 
photographic plate register constantly with the comet itself, star images on the plate 
after development will be found to take the form of streaks or trails rather than roxmd 
images. The length of the streak or trail will obviously increase with the length of (ho 
exposure, and the general direction of these star trails will represent the motion of t he 
comet among the stars while the object is being photographed. The exposure time 
will depend entirely upon the brightness of the object and the amount of detail desired. 
It may extend from a few minutes to several hours. The development of th<‘ first 
trial plate will give an index as to the requisite exposure time to bring out features t hat 
may be desired. 

Photography of Meteors .—The photography of meteors or shooting stars requir(‘s 
cameras of relatively short focus. Since the appearance of a meteor is in a large 
sense accidental and there is no way of determining with any accniracy the prcscise^ 
point in the sky at which meteors appear, an astronomer frequently employs a l)Mtt(‘ry 
of cameras of wide-angle lenses poinb^cl in different directions, so that a larg(5 area ol 
the sky can be covered. On the occasion of anticipated meteoric showcu.s, such us the 
Perseids which occur during the month of August or the Leoneids which appear in 
the middle of November, the cameras may be pointed in the general direction of the 
so-called "meteor radiant,” the constellation of Perseus for the August meteoric shower 
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Sickle in, the constellation of Leo for the November meteors. The battery of 
<*finH*raK is easily attached to an axis which will be driven by clockwork so that the 
stars in tihe region being photographed will appear as point images and afford a back¬ 
ground for determining positions of the meteor trails as they may occur. The flash 
a meteor across the field of view will leave its impression as a streak on the photo¬ 
graphic: plate. Frequently such a streak will be of nonuniform brightness, depending 
upon sporadic changes in the brightness of the meteor itself. 

Photography is the one exact means for determining with accuracy the positions 
of iiH'tf'or trails from different points of obseiwation. A comparison of plates simul- 
taiH'ously exposo'd at two stations a few miles apart makes possible the determination 
of th<‘ altilud<‘ above the eart h at which the meteor first became visible and also fre- 
(piently tln^ altitude af. which the meteor vanished. The mathematical calculation 
of th<* altitude of m<^^eor trails from such photographic observations is beyond the 
s<*op<‘ <d this V>o(>k, aiui th(^ rea.d(!r is nd’errod to the more extended treatises on this 
liraiudi ()f th(^ subject. 

Nhottujrnphy of thePUttu'ts .—Pliotography of thci planets, with the possible exception 
of .lupiter and Saturn is rather luiyond the scope of the amateur. In planetary 
photography an auxiliary (‘ularging hms is employed in the optical axis of the telescope 
ohj«‘etive and sonnnvhat insid<' the focal plane. Because of the variation in “seeing” 
conditions and t in' n<‘cessity for satisfactory moments when the atmosphere is particu¬ 
larly traiupiil, an auxiliary visual telescope is a prerequisite to planetary photography. 
A slnitt(‘r which may l>e (piickly operated by a bulb or finger release is also essential, 
'riu' dou})le-sli<h' plat t'hohh'r is a. (*onveni<'nce in planetary photography for moving the 
plat(' l«*t w('(*n exposures. Siue<! at best, a planetary image is exceedingly small, multi¬ 
file exfiosuix's may be inadi* on a. single plate, the images lieing duly separated by 
.nfiprofiriate movemumts of tin* (louhl(*-slide plate earriagc! lietween exposures. The 
ohsc'rver, who is scrutinizing the plaiu't. through the visual telescope, awaits the 
sufireiiH* tnotuenf. which is \v<“ll knowm to all .sea.soned observers. At such times 
planetary <h>tail may Ix' caught at its Ix'st during the few lirief seconds when atmos- 
|)h('ric (list nrl>anc«>s are at a. minimum. At t his moment tlie shutter is released for 
afipropriate ('Xfiosun* hut is instantly closed if the planetary image beexunes blurred 
tiu'ough at inosiiherie lurhuhmecx Mxt raordinarily good ph<)t<)gra.piis of Jupiter, 
iSafurn, atid M.ars utnler fa\'oral)le condit ions have b(M-n taken at. the Jack a.nd Lowell 
Oh.servafories. 'Flic Lick ()hs(‘rvatory located on Mount Mainilton, Ca.lif., a.ud the 
h<uv«‘l! Observatory at Flagslatf, Ariz., are partitnilarly well favored climatically for 
{ilanetar\' fihot ography. 

\'arious lillia-s are fnspienlly employed to bring out filaiK'tary details. Photo- 
grajihs (if Mars ina(l(' in blue and i’('d light, on pla.t.eH sensitive t.o these colors invaria.bly 
show \\ i(h* dilTerenees in t h(‘eharaetc’t'ist ics. 11. apfX'ars that, wit h blue-sensit.ive plat('s 


light is refl('c((‘<l or seatfered (•hi<'fly from llu' a.t.mosphere surrounding the planet, 
giving a somewhat <lilfn.s(> image. In the ca.s<^ of pliotogra.fihy with red light, the 
fillcnsl rays an' those that have js'iiel ra I cd inonm'xlt'nsively tlie atmo,sphere of the 
filanet and fire reflected more eoinplel ('l.y from I lu^ surfa.ee of the ])h‘uudi, nuulering 
visihh' a large amount of surface detail that. it. is not fxissihle t.o {)hot()gra,{)h in the use 
of ordinary fil.ates which are him' si'iisil ive, For furllu'r (h't.ails on i)la.u<d.a.ry photog¬ 
raphy, lh(' r('Md('r is n'lVrn'd to publications on these: suhj('et.s i.ssued by the Lick 
Oh.si'rvatory of Mount Hamilton, Falif., a,ml th«' Lowell Observatory of Fla,gst.aff, 
Arlz. A good photograiiliic image of any of t lu' filain'ts will stand ('iilnrgnu'iit Irom 
(he original negativi' sevi'ral (imi'S. By refx'afed copying, eontrasl, ma,y a.l.sn be 


eidiati('«'d. 

iu'li/i.si J’liotinj/d/i/i!/. One of th<^ primary objects in exfXMlit.ions to obs(M-v(i total 
ecIifiHc.s of lh(' sun is th(' fihotograpliy of the .solar corona, that ga,soous appetulage, to 
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the sun which is visible only when the brilliant disk of the sun itself is hidden by the 
dark disk of the moon that completely covers it during the moments of total eclipse. 
A total eclipse of the sun may last from a fraction of a second to a period of 7 min. 
40 sec. Exposures on the corona are usually made with lenses of great focal length 
to obtain images of requisite size to show the desired details. ^ Suitable exposure 
times will vary from 1 sec. to ^ min. or more. Usually a series of plates will be tak<m 
with varying exposures. The short exposures are necessary to gain detail of the struc!- 
ture of the corona near the edge of the sun. The longer exposures will reveal the out¬ 
lying stretches or extremities of the corona, but the inner parts on the resulting 
negative will be greatly overexposed. By suitable local reduction of the negative's, 
however, it is often possible to get a fair representation of the entire structure of the 
corona from the edge of the sun to the outlying rims. A plate locally reduced, how¬ 
ever, loses much of its scientific value since the relative blackening of the various 
parts of the corona in the untouched negative provide an index of the relative bright¬ 
ness of the emission of the light from the various regions. In preparing the platx^s for 
eclipse photography, it is quite necessary that the plate be ba(iked with any one of a 
number of suitable backings to prevent halation, or double-coated nonhalation plat(\s 
should be employed. 

Lenses up to 40-ft. focal length are frequently transported to all parts of the world 
on eclipse expeditions. Since it is possible to calculate in advance the exact phuu^ 
which the sun will occupy in the sky during the moments of ccliirse, temporary stnuv 
tures can be built for supporting such lenses and the elaborate equatorial itjounting of 
the telescope dispensed with. In the case of the cameras of gn^at focal length, usually 
no attempt is made to move the lens during the period of exposures, but the plat<'- 
holder itself is mounted on a carriage, and clockwork is provided for moving t.lie sirnn^ 
laterally at right angles to the optical axis in order to follow the small shift in flu^ 
image of the sun during the Cixposure, thus facilitating very greatly tin; m(^(':hanical 
arrangements involved. In the case of a total solar eclipse lasting 4 min., llui nu)V(v 
ment of the solar image during this int.erval for a lens of 40-ft. fcxnis will he a.j)pr<)xi- 
mately 8.4 in. This giv(w an idea of the amount of movement of the plat-e re(iuirc^<l 
for an eclip.se of averag<i duration. The necessity for providing motions of the plate 
during cv(vn a. single ex])osur(^ hceomos apparcnit when we see that in tiiis insta.ne(' thl^ 
solar image woiild be disphie.ed by in. during evem th<^ rdativety I)ri<‘f ('xposun* of 
If) sec. Photographs of (‘elii>s<':s with ordinary cameras having no guiding imstianism 
have IxMuii sat isra.<torily made by giving very brief exposures in e.a.s(^H \vher<^ tlie huises 
used are of l)Ut. a f<vw imties fo<‘al h'ngth. Such photogriqjhs, howevcu', (*a,u scxiixxdy 
bo said to have much {)rof(^ssional or se:i('ntific value. 

The applicaitiou of mot ion-pi(ture photography to the n^gistrat ion of (‘elips<‘ 
I)henomena., lx)W(W(u, has (lomo to (xautpy an important part in <x)nne<t ion wit h 
eclipse expeditious- Witli tlu^ best of burners of 2()-Iii. focal huigth, an image of the sun 
of satisfa(t-ory size e.an he scm'uixhI on t he: ordinary 35-mm. film. Th(‘ complete* re'gis- 
t.rat ion of l:»ot li the total and pa rtial phases of t he eclipse forms an import ant na'ord of 
sky condit ions, (ranspanau^y, passing of clouds, etc. It is often of c.on.sideu-ahh' valuer 
afterward in (‘Ix'cking visual iinpre'ssioiis. During the ])artial ])hasc it is lu'ce'ssary 
that tlu^ smallest, sto)) ])o.ssihle he* employ<-<l, together with a. demse* real Hltc'r, in onh'r 
to diminish sullicie'iitly the dire'ct. rn.ys of tlx; sun to prevent overt'xposun*. At the 
inonuad. of eomijUde obscura tion of t lie solar disk by tlie encroaching moon, t he tilti'r 
must he l■enloved, and (he slop ojxMU'd widely in ord(‘r to obtain the* recpiisiti^ amount 
of cx[)osure for the corona i(s(*lf. At, the first iiulii'ution of (lie reappearance of the 
disk of the sun, the apertim* is again reduecxl and the filter restored while the motion- 
picture cam(*ra contimu's to record tlic secoiul partial phase. 
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Since, the total duration of eclipse phenomena including both partial phases will 
last for Honiothing like 4 hr., it is obviously a waste of time and film to photograph the 
partial phase eont iimously in t he kineinatograph. A single exposure with the motion- 
picture c'amora made at ' i>- or ’ ^-min. intervals is entirely sufficient in the partial 
phases An exposure once in 8 sec. has also been frequently used. In any of these 
pro<‘cdures an abundant amount of film will result for educational or entertainment 
purposes in (h'picting thc! ])rogress of the phenomenon. It is necessary, of course, if 
satisfactory n'gistratiou is to be ol)ta.ined, that the motion-picture camera be fixed to 
an equatorial mounting driven by clockwork to follow the movement of the sun during 
the interval. A giiidiug t(descopc for checking the registration continuously is also 
desirabh'. It is hardly luauissary to nmuirk that the guiding telescope should be 
providc'd with a thms(^ dark glass in front of the eyepiece for the proper protection of 
tlu^ (ivets of tlu' oh.s<'rver. 

Bibliography 

Stkth<)N» H. Tr, On an Apparatus and Method for Thermoelectric Measurements for Photographic 
Photometry. Anfrophys. J,, 43 (Noh. 4 and 5) (1916). 

—«—Investi^ati«)ns of Plate Errors with the Thermo-electric Photometer, Astrophys, J., 58 (No. 1) 
(1923). 

Kino, hh S.: A Manual of C'elestial Photogi'aphy,” Eastern Science Supply Company (1931). 

-; Standard Tests of Photo^j;raphic Photometry, Harvard Observatory Ann,y 59. 

UoHH, K. 10,: Ph.vsi(\s <jf tlu' I)<'veIop<‘d Idioiographic Image," Eastman Monograph 5. 



CHAPTER XXVI 

HIGH-SPEED PHOTOGRAPHY 


By Harold E. Edgerton 

High-speed photography is defined for this section as applying to single-exposure 
cameras that take photographs in less than 1/10,000 sec. and to motion-pictiiro ca.ni- 
eras that operate at spcieds in excess of 300 frames per second. These limitations an* 
purposely set to exclude cameras of the moving-shutter type, such as the Compur and 
focal-plane types, and high-speed motion-picture cameras of the iirtermittent-mot ion 
types—all of which are discussed elsewhere in this book. 

By the use of high-speed photography an observer is able to obtain a picture or a 
series of pictures which accurately record an action as a function of time, permitting a 
detailed study which cannot be made othei'wise. The pictures in a series may be 
analyjicd frame by frame, or tliey may be projected on the screen in ultra-slow mot ion, 
enabling the eye to see vagrant actions tluit would not otherwise l)e se<m. I<’ui'tl»er- 
more, since the film records t he ])ositioa of objects as a function of tinni, v('l(><uty and 
acceleration can be culcuhitod. Speed photography has iDroved its worth in s<u(‘nlifi<^ 
and industrial research and is dest ined to an important future in pliotography in all 
lifilds of endeavor. 

Single-exposure High-speed Cameras. —In this classification are group<*d <':a,m<‘ra.s 
e.apablc^ of taking singles i)hoiographs in less than 10“'* sec. Both m<ad»aiu(*al atul 
photograjiluc factors makci ditlicult, if not impossible, a camera of any of tin* u.sunl 
types for very short, (exposures, a,ml t.herefoix^ th(‘y are not considen'd lierc*. Tin* 
ea,meras described are of tin* l,Vf)e t hat rely upon n.n olectri<ailly controllc'd fla.sh of light 
for both the laniuired v(*ry liigh intensity of illumination and for the short duration of 
exposures t.ittni. The most satisfaedory ohn’trical a.rra,ngement. consists of a. spark in 
air or in a, gas-filled disediarge tuht^ t hrough which the; e;ne;rgy steered in a. conel(*ns('r is 
elisediargeal a t the ele;sire;d inst ant. With t his me*t lK)el t he cxpe)sure; t ime; is ele;t e;rmin(*el 
e;nt.ire;ly by t he; elurat ion e)r ( In* fla,sh e)f light a,ml ne)t by any me;<;hanie-al shutte*r. It 
slmulel be; me;ntie)n(;d that this eaunera. may re*eiuire a elarke;ne;ei re>e>in te) preve*nt e*xi)e)- 
Hure; ehie; te) the e>r(lina,ry light., llnnigh in ma.ny e;ase;s the shutter setting, the* le'iis 
a.pe*rture, a.nel the* tyja; of film are; sue*h as to give no appre;cial)le exposure with the; 
a.vn;rage; Ie;ve*l of illumination. 

In ge;ne;ral tliere; are; t.we> me;t.hods e>f lightieig: (1) silhe)iiettc and (2) the; usual 
r(;fle;e;te;el-light ty])(‘. The; silhe>u(;t.te; me'the)d ta.ke;s se;ve;ral forms, e;ae;h reejuiring a. 
pe)inl. .s<)ure;e; of light lor be;st re*sults. lii .se)me case's an f>pe;n spark is satisfae'tory. 
'File; elim(‘nsie)ns e)l' t in; spa rk ('.'m be; re'st rie;te'el me;e;h}i,nie'ally by causing the s{)ark le> 
e>e'cur in a. small he)le' in an insuhite)r. I’igure; 1 illust rates se;ve;ral met hod.s ejf silhe)ue*t t <; 
|)he)t.e>grai)hy, and it. is to be note'el t hat, all luse* a point souiT-e e)f light—a spark in air. 
The; uppeu- ske'le-li she)WH the; siini)le;st. me;the)el e)f silhemctte plK)te:)grap}iy anel ejne; that, 
prexhice's e*xe‘(‘lle;at n;sults. It is te) be; ne)te;d that no lens is used, as the image* is a. t rue; 
Klia.de)vv e)f l.he; sul)j(;e;t. Tlicre'feu-e* the; size of the film must bo comparable; to the* .size* 
of t he' subj('e;t. A S(*conel limit a t ieai t o t his me;t.hod is the requirement e)f a ehirke'iK'el 
room so tliat. the* oreliiiary light will not. fe)g the film. In some eases this is ine*e)n- 
ve;nieut, sine;e; e;e)usiele;rable; t ime is usually required to uncover a large sheet of film ejr 
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sensitive paper. A modification of the method is to substitute a ground glass for the 
film and then photograph the image from the back with an ordinary camera. 

The second method illustrated in Fig. 1 uses a large condensing lens (not neces¬ 
sarily of high optical quality) between the subject and the light source. Adjustments 
are made so that the image of the light source appears on the film as a circle large 
enough to cover the film. The camera lens is then focused on the subject (using 
reflected light), and a shadow of the subject appears on the film, reduced in size opti¬ 
cally as in ordinary photographic procedure. The aperture is very small, since it is 
determined by the dimensions of the light source, and therefore the depth of focus is 
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great. Two advantages result from the use of (lus arrangenumt, jnz., (1) th<‘ (>ff(Hd,ive 
u.se of tlu' light, sitiet^ a. large cone of light is (a>lle<h(‘<l; and (2) the ability to (dnuige 
th(‘ imag<‘ size: on the film. However, t he field is r(*stri(U.(al to the diaineter of the 
<“t)n(l<:aising hms. This method is useful for taking higli-sp(H>d motion pictures on. 
<!ontinuously moving film with stroboseopici light. 

The last, two arrangt'inents of Fig. I illustrate methods of the “Scdilieren” type of 
silhou(*tt e phot<)gra,phy. The uppeu- diagram shows the; us(^ of a lens, and the lower, of 
a mirror. In both most of t he light is tait off by stops, and va.riation of the refractive 
iiuh'x of the mat(‘ria,l in the fi(dd of vi<av deflecds the light rays passing through the 
uffijef ed rc'gion slightly, so that tiny chair or st rike*, (lu^ slop and t hendiy either increase 
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or decrease the amount of light reaching the film at the corresponding image points. 
In this way variations in density in a volume of gas, such as those produc^ed by sound 
waves, atxd thermal disturbances, may be observed and photogra.ph<^<l. 

An optically perfect lens or mirror is required for Schlieren photography in or<ler to 
obtain a uniformly illuminated field. In fact, the arrangement is exactly the same as 
the test used for the final polishing of optical surfaces. 

The si^ie of field is naturally limited to the size of the lens or iniri-or. Since cor¬ 
rected lenses of large diameter are veiy expensive or not obtainable, mirrors ai’e more 
commonly used. The references show numerous different optical arrangements. 

Shadow photography is often of great advantage in many practical problems 
Ixecause the amount of light required is small compared with that needed for reflected- 
light photography. Furthermore, a sharp image is obtained which is useful for meas¬ 
urement. The waves in air, such as are caused by bullets, may be recorded by the 
silhouette methods, especially the Schlieren method, which can be made very sensitive. 
In fact the Schlieren arrangement can be made sufficiently sensitive to observe heat 
waves rising fi-om one’s hand, because of the fact that the index of refraction of air 
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changes with temp(‘nitur(\ Tlie primupal disadvantages of th(^ silboiuM t mcl ho<l Jir(' 
that oidy an outline is obtaincid and tliat with sonui kinds of shadow j)h()t<)gra j.)hy 1 h<‘ 
experiment iruist l)e periornu^d in a darkened room. 

The electrical cinaiit of a typi<;al arrangement for taking silhouette pilotographs 
is shown as Fig. 2. 'Plu^ various lurcuit elements are lahc^h^d hi the figures. Many 
ot her cinniits are described in the references, which should be consulted for furt iuu- 
details. 

biiice the light from the sjiarks in air and from most of the other ga.sc;ous-dis<;barg(- 
sources is largely in the liluc emd of the spectrum, the less sensitive films or papiu-s- 
such as till' process or positive types—itre often satisfactory. 

The duration of tlie flush whiiti determines the exposure time for silhouet.t.c photo¬ 
graphs depends upon tlui tiect rical arrangement and also iqion the afterglow in tiie 
gas. The duration is depiiiidmit on the natural friajuency of the diserharge einaiit, 
which in turn incixiuscs with tlu^ size of the eondenser and the indmtance n'sulting 
Irom the tamiuat ing wires a.nd the internal iiiduetance of tli(^ eomhmscr. h'urtlnu- 
more, disc.harges in circ^uiis of t his type usually oscillate a gnait many cycles- soiue- 
I iiru\s as iminy as 10 or mon'. For t his reason sutlicicuit resistamui is oft iui add<‘d to 
damp (u-itically the oscillations. This resistanc,c decreases the duration of the flash 
hut at the same time r(Mluca;s tlu^ (luantity of light by from five- to tenfold, which is a. 
s(>riouH disadvantage. Tiie mercMiry-iumtrol tube shown in Fig. 2 has the advantagi* 
of tmiding to prevent the nwersal of current, as well as serving as a switch for starting 
the spark gap at the required instant. The ignition coil starts conduction in the mer- 
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cniry-cotitrol lube and shmiltaneoiisly causes the spark gap to break down. The 
(‘xposure tiTiie for silhouette spark photographs may easily be made as short 
as 10 see. and, under favorable conditions, may bo as short as 10“" see,. 

Reflected -light Spark Photography.— Refle.etcd-light photography, with illumina.- 
t ion from sparks or from gas-filled txibes, prodiu^es photographs similar to those 
ol)1.aiTi('fl with ordinary liglitingaiid camera technique, except that since the exposure 
tinH‘ is not limited l)y a mechanical shutter, it may be made extremely short. The 
el(^c;t rical <drcuit for produ<;ing the short condenser discharges through the lamps is 
similar in operation to that used for silhouette photography. However, with reflected- 
light illumiuat ion it is not lu^cessary to have a point source of light; in fact, it is usually 
l)(‘t ((‘r to have a light source of large area to give a better distribution of illumination. 
K(*fh‘ct(al-light photography usually requires considerably more energy because the 
light is not so (dfectivedy ust'd. Therefore the energy-stoi'age capacity of the con- 
(lcns(‘rs must lx* lnrg('r tlian is required for silhouette photography. A typical circuit 
is shown in h’ig. 3 with the details explained in the caption. This equipment will 
giv(* suflicicmt illuminat ion for photographing an area approximately 6 ft. square, using 
an //S slop, ortliuchroniatic film, and an effective exposure of about 1/50,000 sec. 

'riH' cflk'ctivc exposuu' time for refiected-light photographs is longer than for 
sillu)U(‘t t(‘ photographs, principally l)ecauso the energy rciquired is much larger. How- 



:{. I )inKr!nn <')f (*l(‘cl ricn 1 circuit, for making high-six'tMl photographs hy reflected 

light. 


ever, a \’ei'V short (lush is s(‘l(l<)in mxa^ssary, and (^xc('pt lor c(U’t.a.in ba.llist.ic! j)robl(‘nis a. 
iiash <lurulion of less than 1 ;')(),()()() sc'c. is (uit.in'Iy a.<l(siual.(' atul (aisily obtaiiu'd. 
I!(>Hi-c1e<l-Iiglil pholograplis of small anais can Ix^ takem with a.n (‘Xj)<)sui'(^ tinu^ ol 10 " 
sec. if circuit coiidil ions an' a.<ljustc(l proix'rly tuid if t iu' Jifttu-glovv in llu^ ga.s 
i.s ex I iiigu islied . 

(borreet tiniiiig of the fhisli of light, is oft(Mi tlx; most. im))orta.iit l)a.rt ol any itiirticu- 
lar problem. ibu- extimple, to obt.-iin a phot.ogra.()li of a golf b;i.ll ('.omprcssctl with a. 
clrivi'r re<piiies that the flush of light Ix' tinx'd to a,bout 1 /10,0()() s('c. ; oth<u-wis(' I Ix^ 
plu I( ograpb w ill be I aki'ii ('iI Ix'f Ix'fon't Ix' bal 1 is hit., or a.I t.('r it. has h^l t. t.lui (dub. 1 Ix^ 
sim[)lest melt od of timing is to arrange tlx^switcli ina.rk<'d “trif)” (Kigs. 2 aixl 3) so 
lluit contact is made at llx' (h'sin'd instjuil.. Jn th<‘ <uis(^ of the golf ball two small 
\\ iix'.s can be arrung('<l Ix'hiixl t lx* ball so tluit t.h(> (dub will kixxdv tlxuii t.ogcdlxu tit. t.lx' 
desired part of the swing. A s('rics of photognqtli.s with (lilTcn'nl, positions ol tlu' trij) 
w ir(‘s .sb()W.s successive sl!ig(*s ol tlx* uctioii, ii tlx* action (uui Ix' i(!{)(ui.l.(xl. ()th( i 

nx't bods of t ripping can be u.scd, sucb as I Ix' ini('rrui)l,ion of a, bcjun of light to a. pboto- 
,.,.11 ,,,■ (1),. ,|.s,. of u mieroi)honc to pick up Ji sound im[)ulsc. A t.imc d(da.y c.a,n l)c 
lut roduced ch'cl rictdly to dehiy Hx' Hash of light by ji known iid.('rval of time aft,('r tlx( 

Single-flash bigh-sfx'cd ph(>l(»gra.j)by is imxdi nxire c()nv(micnt, to us(^ than high- 
sp('c(i ax)t ion-pici lire })lx)t()gra.phy, sitxxi Mx^ Jipptiratus r('(piir(Ml is imxdi simphw aixl 
since standard canx'ms and h'ns ('(piipiixuit can be us(m1. Any camera is c.apabh^ ol 
taking photographs with (dfeetive exposunas of 10-*^ to !()““ sec., simply by using a 
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source of light actuated by a condenser discharge. While only one photograph at a 
time can be taken by this method, in contrast to a large number by the high-speed 
motion-pictxire camera, many practical problems can be solved by tins method, par¬ 
ticularly if the action of the subject can be repeated. 

High-speed Motion-picture Cameras. —Motion pictures taken at high speed and 
subsequently shown at ordinary projection speeds have the effect of slowing fast 
motions so that the eye can see what is going on. Naturally the faster the action 
that is being photographed, the faster the camera must be driven. It seems imprac¬ 
tical, because of mechanical limitations, to drive the usual intermittent types of 
motion-picture cameras at speeds in excess of about ten times normal. Practically 
all cameras operating above this speed depart from the intermittent-mot ior] nHuiha- 
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nism and use instead a continuously moving-film mechanism. Although tlu' film 
itjoves continuously during the exposures, the image cast hy the lens on ( he film must 
either move with the film or the film must not move an apprecial)ki distuma^ during (lie 
exposure time. The first requirement is met by the use of a. moving optical systmn (o 
keep the image stationary with respect to the moving film during the exposure (.iin(‘,- 
and the second, by the use of intermittent illumination (stroboscopic light) for (wposing 
the photographs, each flash of light lasting such a short time that sharp imagt's a.re 
obtained although the film is moving. The moving-optical-systcm nuhhod is espl'- 
cially well adapted to the study of subjects which emit their own light, eomrnon exam¬ 
ples of which are the burning of vapors, the action of explosives, tlie mot,ions of an 
electric arc, the reactions in a photoflash lamp, and the behavior of the (ui,( hode spot 
in a mercury-arc tube. ' 

There are three general types of the moving-optical-system camera: (1) 1,hoK<^ 
using rotating lenses or slits, (2) those using rotating mirrors, and (3) those using 
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rotating prisms. Some of these are illustrated in Fig. 4. A comprehensive treatment 
of these and other moving-optical syst(ims as applied to projectors has been made by 
Tuttle and l{<'ed. 

The rota,ting-i)ristti typo is available frotn the Eastman Kodak Co., Ilochcster, 
N. Y. Tlu^ Carl Zeiss Company, Jena, Geruiany, manufactures a camera irr the 
second classification. Camei-as of the moving-lens type are made V)y the Allgerneine 
l^llektriscdie Gosellschaft, lierlin, Germany, and by the Merljn and Gevin Company, 
Grenoble, Fraiujo. 

In high-speed cameras employing stroboscojiic light, the film is moved past the 
lens at a, constant sptaal; a.ad each time the film has moved the distance oecuipied by 
one frame, the subjcad. is illuminated by a short intense flash of light. The thne at 
wliich t.h<5 flash oca-urs is in some cases controlled l)y a contact disk rigidly attached 
to the film-driving nundianism a.nd properly spaced so that the mol ion-pi(d.ure film is 
])roperly franuHl for projection in standard equipment. Norimil illumination sucli 
as that en(u)untered indoors is insuflicient to fog tlu^ film in a. sl roboscopitvlight camera, 
beciausi^ th(! film passes the lens so rapidly. A stroboscopic-light camera is marui- 
faiiturc'd by th(^ Gcruu'al Radio Company, Cambridge, Mass. 

Wlum motion picdiircs are ta,k(m at high sjJtUHl with either type of canna'a,^ the film 
must move rapidly, and om^ of the important problems in the dcssign is to make th(‘ 
film travel at tlx' retpiisitii spca'd without vibrating, fluttca-ing, or breaking. Tlu^ 
rapidly moving film must be guidcul propta-ly, but the frict ion in slitling contacts may 
g(‘n(a'a.t(' (uiough luait to ignite it. Sta,tic <4iarg(ss of (de(vtrie:ity resulting from l.hc 
frict ion must also b(^ avoided, as tliey cause (hmdriform (^xposurcis on tlu^ film. Fur- 
tluu’ t han simply tra.v(>ling smootlily jit a liigli sp<‘etl, it is important f.lnit, tlu-: film 
ac<a^l('rat(‘ ra[)idly so tliat it will attain th<' propca- spcaal Ixd'ore miudi of it has pa„ss(xl 
through tli(‘ ca.m<M’a. Tlu' araaderation must Ix^ uniform a.s W('ll as rapid, ius sudden 
j('rks ar(‘ Iik<‘ly to brcaak tin* film. 
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the camera—a serioxis limitation to its usefulness. Table I shows the speed of the 
•film in feet per second as a ruiiCLion of thr« height of the fi-ame and the number of expo¬ 
sures per second. 

When film speeds higher than about 150 or 200 ft. per sec. are desired, a short strip 
of film is usually placed on the periphery of a drum. The length of film that can he 
used is limited to the circumference of the drum, but very high film velocities can be 
attained in this way mpro easily than with a long strip. There are no acceleration 
problems, since the film may be brought up to speed as slowly as desired. Cameras 
of this type require a shutter that remains open during one revolution only, to prevent 
multiple exposure of the film. 

Still another method employs a stationary film over which tlie lunun of light is 
rapidly tlirown by means of a rapidly rotating mirror. 

The electric spark in air produced by the discharge of an electrical condenser 
through an air gap has been extensively used as a source of stroboscopic light. Tlie 
duration of the flash can be made as short as 1/100,000 sec., or less. A spark gai), 
however, presents serious problems when it is desired to produce enough light to 
illuminate an area several feet square 1000 or more times a second, because of t.lu': 
great power required and the difficulty of controlling it. Although a spark is not au 
efficient source of light, it is sufficient for some purposes, such as silhouette pliotog- 
raphy. The light is highly concentrated, having a high intrinsic brilliancy whieli 
permits the use of reflectors and condensing lenses. 

The discharge of electri(uil condensers through gas-filled tubes, siurh as tlu^ argon- 
filled tube of Fig. 3, provides an efficient source of intermittent liglit for ta.kiug high¬ 
speed motion pictures. In service the lamp is connected to a condenser and is tiuuh' lo 
flash at the desired instant by suddenly charging an external grid to a high poi.cMit.ial. 
Naturally tlio cireuit must be capable of recharging the coiuhaiser in lime for t he next, 
flash, and this becomes increasingly difficult as the frequency of exp<)sure or < he powiu- 
\ised per flash is increased. Difficulty is sometimes (mcountered bec^ause of the tend- 
(mey of the tube to hold into a stea<ly glow or to fail to deionize, i.e., to trip l>y itsc-lf 
as the voltage builds \ip across flie condenser. A rnercairy-Ciontrol lulx’; of the typt^ 
shown in Fig. 2 (am ])e used to advatUage to ov(ucome 1,1 k's(' limita.!ions. 
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CHAPTER XXVII 

PHOTOMICROGRAPHY AND TECHNICAL MICROSCOPY 


By Francis F. Lucas 


Principles of Photomicrography. Introduction. —Tcchni(tjil ti>i(^r(>,sc<>j)y and i)h<)lo- 
inicrography are widely employed in science and industry. The inicrosenpc' pr<)duc(*.s 
an image which the eye can see; photomicrography is the art of n'cording i lu' inuig;(^ 
photographically so that a permanent record is availalilo for ref'enuHai and study. At 
its best the microscope will reveal on the photographic plate details of si ru<d ur(‘ which 
the eye fails to observe. 

Metallography, or that particular branch of it wliich relatc'S to tlie mierostnuh ure 
of metals, has grown in the life span of those now living to bo one of ( he mos.1 iniporl jmt 
single control methods of the metal industry. In the paint, fiignumt , and color indus¬ 
tries, improved methods of prodiusing fine pigments have ta.xed th<' powers of visibl(‘- 
light microscopes, and to f)hotograph clearly very small pigmenls, the idlraviolel 
microscope is the last resort. In the medical and biological seiesus's llu' microscope 
fills an important place. With recent dcveloj)ments in ultraviohd microscopy the 
resolving powers available for biological investigations lia.ve Ixum mor<' (haai doubhsl. 
Since selec.tive absorption to ultravdolet light is manifest('d hy many c('lls, i( is now 
possible to photograph living cells at extremely high magnifiea I ions. liy uu'.'uis of 
the ultraviolet microscope photographs may be tal<(m on optical ]>l!i.nes spjieed ' ,/• 
apart, making it possible to pliotograph a single living c<'ll, though microscojiie in 
size, on nuMiy different planers from the top to (lu^ bottom of the e<dl. 'I'he sanu> 
technique may also be applic^d to many problems of industrial mier<'seo[iy. 

Improvertients in. resolving powers have nuuhi it possihh' to pliologniph deliiils of 
struct ure wliii-h mea.sure Init 200 atom diameters across. VisioTi 1ms I asm [uished 
downwa.rd into the raiigt^ of (colloidal matter so tlmt hy ultraviolet, microscopy .'ind 
refined methods of idtra,nucroH<;opy the behavior of (colloidal disp<‘rsion.s uia^' hi* 
studic<l to better advantage. 

Th(! aim in photomicrography should be a faithful lu'production of 1 he itmage. 'I'ix' 
image should Ix' in (‘xa.<d, focus. Out-of-foc:us effects m.a.y r(\sult in mishsading con¬ 
clusions. No one sliopld ev(u- attemipt to int(U-pr(d. details in (<‘rnis of slruclure or 
(H)mposition wlum tlu^ pa,rticula.r d(d,a.ils are not in ev.-ict focus. I halos, sh.adow s, 
flartns, a.nd otlua- abnormal <'ff(ad-s of lighting, i)hotograpliy, or microscopy ha\'e no 
l)la,ce in scuenl.ific or induslrial photomicrogra,phy. Wlum idiolograjdiing a. prepara¬ 
tion whi<hi (a)nsists of partich's of matter didering in size or wlum (he dct.ail is not .all 
(amfined to a, singk^ focal pl.a.u(‘, it is olivious tha.t some of tlu' dcMail will he .abov*- or 
Ixdow the foc,;d phuu! and tlu'refora' out of hums. Such conditions ar(\ <'n(a)un1<a'<-d 
fnupiently. The photographic, rc^sults a,re of value ordy .as (luy relate' to the detjiils 
which ane in focus in ( lu; photomicn/graph. 

/"rinn'olcn, Tcchtminc, and OpiicH of Pholomicro(/raphi/, "rius sc'ction tre'jits of 
primaph's, techni(|U(', opt ics, light,, and ma,(,('ri.‘i,ls. It omit s, int ('ut iona lly, descrip¬ 
tive ma,( t,er of appara tais, information about whic'h is lih('r!dl^■ dist i-ibu t <><1 by 
manuffU't ui'crs. 


Tlu; d(;sigu t.rcmd of sciemtific, apfiaratus is 
has resultc;d in the gradual evolution of better appar 
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ehanged from tinu; (,0 time. d'his 
■atus wliieh is more stahh', is madi; 



771 


i'ilOTOMlcnOGRAPHY AND TECHNICAL MICROSCOPY 

of inaloiials, possesses better mechanical and optical features, can be operated 

morc^ (easily, and is readily and conveniently altered to suit a wide diversity in work. 
i.e.s(iarc.h la.borat.ories are having little difficulty with the present inverted-type micro- 
st;op<i wh(m(ias older apparatus was a constant source of trouble, largely because the 
jisscinbly wuis flexible on an optical bench and was not easily aligned and coordinated. 

h(> okl(^r etiuipment also had mechanical weaknesses which tended to introduce 
opt ical misalignnuuit olten difficult to recognize and rectify. 

By photomicrography is meant the adaptation of photography to microscopy or 
tihc^ art. ol photographing a magnified image. The scope of the art embraces the 
rei)roduet ion of images ranging fi’om actual size to magnifications of several thousand 
fimes. Low-power photomicrography may be considered as treating with magnitudes 
from about 1 to 30 diameters, medium-power work with magnifications from about 
30 to oOO <liam(‘ters, and high-power photomicrography generally includes all magni- 
fi<%nt i<ins in ('xc(\sh of aliout 500 diameters. The apparatus used in each case is differ¬ 
ent, and the iin'parntion of the material and its treatment also differ. For low-power 
work th<‘ Inieros(“op(^ is often dispensed with entirely, the lens being secured directly 
to t h<‘ camera ; in otlu'r <':a.s(‘s the mici'oscope serves only as a support for a specialized 
camera lens. In t lu^ t n'atnu'iit of most transparent mounts an illuminating device 
ternu'd a. “suhstagc; condenser” is necessary, the microscope then forms a very neces¬ 
sary adjumd. to low-j)o\v('r pliotomicrography. 

M(‘diutn-]>ow(‘r i)hotomi<u'ography always requires a microscope, and because 
rigidity in mounting ami n(anira{y in adjustment arc necessary, an optical bench is 
dt‘siral)h* on wliicli t h<^ microscope and a suitable illuminating train arc mounted. 

h'or bigh-powor {)ho(omicrography great attention is given to the mec.hanical and 
the optii'al design of the aiiparatus. It is extremely important to prevent shocks, 
vibrations, and <'xfran<'ous disturbances fi'om reaching tlic optical bench or camera. 
If. is also important t hat t li<‘ a|){)arntus a,ml the camera vibrate or move as a unit and 
that vibrnt ions an* not int rodm^c'd, througb use of the apparatus, wliich will residt in a. 
slight i’haiig<' in focus of llu’i mi(U'OHcope objective. The operations of removing a 
focusing screen and subslif ut ing a platehoUh^r can introdma^ sufficient shock l.o throw 
the image comph'tely out. of focus unh^ss the nu'chanicnil (h'sign ha.s been (tarefully 
worked out. f'or high-pow<'r i)hoff)microgra.phy oidy the best optical systems sliould 
be ('in|)loy<'(l. A skilh'd (.('clinician may produce remarkable medium-ixiwer results 
witli (piilt* ordinary apiiarat.us but in high-pow('r ])liotomierogra.phy nothiiig can 
iuak<' up for (he actual shortcomings of a.n objective. 

Opticul Syalcm of M icronc.opc.s. —The optical system of t he com pound micros<a)p<5 
is shown diagrammat icall.\’ in Fig. 1 . In t.hc'diagram l.hice parallel pencils of light, are 
.shown n'fh'cted upward into t h<^ iiomlenser wdiidi illuminates a transi>a.rent objeud. 
placi'd in position on (h<' microscope stage. As shown, the objcxdive would form an 
in\-crt('d real imag(' of tlu' obji'ct. Oi at but the rays are intercepti'd by the lower 
lens of th(' e\ ('pi(‘C(' Ix'fore the r<‘al image is fontu'd. The lower eyepiece lens in com¬ 
bination with the iqiper cyej)i('c(' h'lis forms a magnific'd virtual ima.g(^ tb of the real 
image (>■•. 'PlK'n' are two magnifications of the objecd., and the resulting final magni¬ 
fication is tlu' (iroduct of the magnifying powi'rs of the ohje;(d.ivo and the eyepiece. 

It should Ix' noted that the objeidive prodmxvs an enlarged inuige of t.he objeid. and 
that tlu' eyepi(‘ce furtlu'r magniti(\M this image; from this it is evidiuit t.ha.t if deta,il 
is lacking or if t he iinagi' is not, a, good likeiu'ss of t he obj(‘ct, t he <'y('piece will not. make 
uj) for the short ('omings of tiu' object ive. The objective t hen beconu'S the most 
important (lart of t In* microscope'. No one obje<d iv(' will st'rve all purposes b(*<aius(^ of 
the limit('<l rnng(' throughout which <'a('h jiarticular objixdive^ is most useful; hence it. 
is (h'sirahb* to ha vi' a n'pn^si'idat iv(' group of obj('ct.iv<\s availabh^ so tliat an obje{d.ive 
may Ix' selee'ti'd to suit, tln^ sp(!cimen and the reiiuirements of the work. 
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Classes of Objectives .—Objectives are divided into four general classes; achromat.ic, 
serniapochromatic, apochromatic, and monochromatic. These objectives do not 
consist of single lenses but are composed of two or more lenses very accurately centered 
and permanently mounted in a metal holder. The component parts of the lens .system 
are selected so as to correct or compensate certain errors which are always characteri.s- 
tic of a simple lens. The value of the objective depends on the dogi'ce to which < he.se 



iinperfccf.ions have; Ixsui overconu'. Tlu^ difTerenct' in qualily 1 tlu' firs! threx' 

(■la.sses of objectiv'os is j)riinn.rily a matt er of t he degres- to whioh (snToct ions for ciiro- 
niatic and .sphericail al.)en‘at ions bcH'ii applii'd. ddu; ;i(.hroina.l ic o! .ject i vo.s ;ir(^ 

intended primarily for visual observations and the principal optical cl(.*fec(.s arc' cor- 
I’ected or approxiinatcdy .so for t he yellow-green of the visible spec-trum sinew thc' eye^ 
can .see best with light of this cmlor. In these objectives the (correction bciconucs Ic'ss 
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and less eoniplete toward the extremes of the visible s^jectriiui, and there are also 
residual imperfections in tlie fusion of the rays. The apocdvroinatic objectives repre¬ 
sent the highest order of correction, and the semiapoehroinats are about intermediate 
in the quality of correction. 

Objectives are listed acf^ording to their optical characttn'istics such as primary 
magnification, numerical aperture, ffx^al lengths, and wlietlier “dry” or “immer¬ 
sion.” The term dry signifies that the objective, wluui properly used, is separated 
from the specimen by a stratum of air. In the case of imincirsion objcHduves some one 
fluid for which medium i he; objective ha,s been (a>inpiit('tl, siu^h as wa ter, glycerin, 
ceda.rwood oil, etc;., is us('d to conmud. 1 lie front lens of tlu' objeidive witli tlie specinum. 

Revolving Power .—The aiiility of an olijecl.ive to resolve (h'tail is dependent, tlieo- 
ret ically, upon t he numerical aperture of the object ive and the wavelength of light 
used. 

Tlie r(da,( ion is expressed numerically by the eipialion 


7 /. 


2N.A. 

X 


( 1 ) 


and shows that, if the numerical aperture N.A. of tlu^ objeadive is increased or if I,he 
wnvelengt h X of the light, is (l('(*reased, (he numlx'r of lim's n. (aipable of Ixung resolvi'd 
will be incri'ascxl. 

This t h(‘ore(ical n'solving ability miglit well lie t.(‘rm(Hl “pot.ential resolving aliil- 
it.y”; tlie ability to n'solve is iiihereut in tlx' huis but, whether it. is a.chi('ve(l in practice 
is quite anot her mat,ter. In theory f.wo things a.re of interest.: nuni(a-ica.l aperture a.nd 
wavc'U'iigth of light. 

The fundanimital difference Ix'twemi a, dry objective and an inmxu'sion obji'ct.ive 
is otK' of riNsolving [lowm'. An imnuM'sion object ive has great i'r light-ga.t lu'ring powi'r 
t ban a dr\' hns of corresjionding bxail lengt li. This light -ga t hering power is expressed 
by th(‘ nuuKM'ieal aperture'. 

ddu' pri'sc'iit. eomnu'rcial limit for nunu'rieal apertun' is l.-IO for (he Ix^st. a.|X)chn)- 
matic objective's. ()bj<'ct ives of l.bO N.A. are available' for nx't.a lliirgiea.1 work. 

The'apex'liromnts of 1.10 N.A. have* a. iu'ima.ry magnifie'a.tion of abeiut ninety times 
se> (hat lh<'_\' imt e>nly peisse'ss the' ability to re'seeK'e' but alse> the' a,bili(y (ei magnily 
gre-at l^'. The; full magnif_\'ing peeweu' eef the' opt ie-a.l e'eemleina.t ie)n is se'eaii'exl almost, 
irre'spe'e't i ve' eef a ll eit he'r e'enielit ieetis. The spe'e'ime'ii may be^ we'll pre'pa.rexl eir veuy 
pe)e)rly pre'pare'el; the' illuiuiiia t iem may be* e'ritie'a.I, eer it m;i.y be' ve'ry peeeirly arnuige'el; 
the* ope'rateu' may be- skillful eu- unskillful; aiiel maiiy e)(he'r e'eendiinat ie>ns uia.y eiex'ur 
slH)rt e)f teetal elisruptie)n whie'h will ne)t. alt.e'f the' magnilie'at ie>n but. whie'h .vill impair 
ve'ry se'rie)usly, if imt wlmlly ruin, ele'tinit ieen aiiel e'enise’iepieuit ly (!><i re'seilving ability of 
( he' exembina t iem. 

N u nicn'ml Aperture. l''igiire' 2 shows (he; e'eeiid it ieeiis pre'vailing in a me;t a.llurgie'a.l 
III icre)se'e»pe' whe-re' liglit is eliri'e'te'el by suitable mi'ans tei the' pre'])a.re'el surfae'e eif (he 
spe'cime'n fremi which it is re'di'i't e'el. d’wo rays, sue'h as ra.N’s 1 anel 2 le'a.N'iug the' eibje'eit, 
at the' s.'U 111 ' angle, will 1 x'ha \'e eiuit e- d i ffi're'ii (ly, bay 2 is re-f ra e't e'e 1 by the imnu'rsion 
oil or Ix'iit inward. bay I, wliie-h is pie-t ure'el to show ( he' e'one 1 i (ions w it bon t immer¬ 
sion oil, just enli'i'S I lie* front lens of the' objee't i\’e'. ()(he'r ra\'s h'ax'ing a(. a gre'a.(i 5 r 

angle' I ban ray 2 will a Iso bi' bent inw a rd, and some' e \ I re me' ray, sue-h as ray 3, will just, 
e'liti'i’ the' front h'lis of (he- obji'ct i\’i'. 

h'iguri' M illust ra (e's nu nieriea 1 a pewt uri' when 1 he' spe-cinlen is vlewe-el I ly 1 ransinil tee 1 
light. In this I'a.si' the' spi'i'inn'ii is monnie'el on a glas.s slieli', w hie'li is place'll on the' 
stage' of till' III ii'roscopi' anil is i llnmina (e-e I through the' siibstagi' I'oni li'iisi'r. h'or 
purpose'() f il I list ra (ion ( h i' righ ( ball ot (1 ii' 1 re in ( h' n.s ol 11 ii' o bji'c (i \'e is assumed to bo 
(hat ofaelry li'iisanil the' li'ft half that of an ininie'rsion objee-t ive. Thus a,n immersion 
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Figure 4 shows the relationship of theoretical resolving power, numerical aperture, 
and dominant wavelength of light for inunersion oh.j('ctives having numerical apertures 
ranging from 1.25 to 1,60. The equation expressing tlieoretical resolving power is 
based on thcj assumption tliat the detail being resolved consists of equally spaced lines, 
in ot her w'ords, a very fine ruling or grating. 

The dt^signation “lincs-per-inch,” a.s a measure for resolution, is not a veiy for¬ 
tunate one because few specimens exhibit auniforni arrangement and spacing of detail. 
Perhaps the nearest approacli is in the age-hardeming (or softeiung) phenomenon of 
rneta.ls in which a hard constituent is precipita,ted from the mat rix in a very fine par¬ 
ticle size—so fine that we must see millions of partic^les only as a cloud. Those par¬ 
ticles under suitable treatment may l)c induced to coalesce and to grow in size so that 
they may f^asily be recognized at lo\v powers as single i)articles. The utmost in resolv¬ 
ing power is required to rc'veal the smaller particles. 



Color ('or/'cr!ion of ()l)irrliv< s. Th<‘ nunu'rieal :q)<'r1ure of an ohjcctixa' do<‘S not 
disclose i td'orma I ion concc'i’ii ing the cb roma (i<' or spherien 1 cona'c (ions w h i<‘h lia v<' Ixam 
applied to tin' ol )j('ct iv(>. 'Th(‘ vahm of an object iv<' also depends on th(^ d('gr(n“ to 

which al)(>rrat ions inb('renl in a simple' lens ha,\'e iK't'ii correclcal. 

In tla^ achromatic ol )j(‘ct i\’e.s th(' correction is l('a..st. p<'rb'ct ol all, and in tlu' apo- 
chromaiic objectives the correction is of I li<' liigla'st order. 'blai seiniapochroina.t ic 
object iv('s, as tlicir name impli(^s, (X’cupy a position ;il)out, inf ('rinedia te. All lens 
s_\'st('ms lm\'c some i ni pcrr<'cf ions, in I Ix' fusion of the rays. 

'riu'achroniat is an object iv(‘which is design('<l for visual woi-k. It is coriM'ct ('d to 
work a,I- its best- with the particular color of light, which is most. <‘rfcctive to t lu' <'ye, 
t h(^ _\'<'llow-gr('(‘n. 'riiis color is referred to as t he pr('icri’i'd coloj'. 

’^riu* achroniats art' cori't'ct t'd chromatically lor two colors and sph('rieall\’ lor ont^ 
color. As t he e\I reincs of I lit' visil >!('spcct rum are approachctl, t ht' fusit)n ot the rays 
lx'(a)nit'S h'ss and less coiiqileft'. When an aehriuaat obj<'cli\'c is pr<>p('rl\' t'orrt't'l(‘<1, 
r'.'siihial colors of I hi' st'conda r,\'’ spt'ctrum rt'oiain. 

Apochr'omat ic object ives act' coi'i'ecti'd chromat ically' lor tbrt'c color.s and spht'i'i- 
cally for two, :ui(l the fusion of t Ix' rays is mon; nearly pt'rfccf . 'Phe colors of tlx; 
Ht'condary spect rum arc^ climinati'd alt.ogt't Ix'r in a, gtxxl objt'ct ivc, and only a, laint 
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tertiary K|)oc‘lrutn remains as residual color. Objects are reucicred in tlieir natural 
colors with apoclironiatic objectives. 

The correction of semiappchromatic oljjectives is better throughout than that 
of the aclu’oniatic objectives. The residual color of the secondary spe(dnnn, which 
is always cbara,cteristic of the achromatic and serniapochroniatic objectives, makes it 
m‘.c.<\ssary to use a llltor which will exclude all sec-ondary images when photographing 
with tln^se objectives. 

Tests with the Apertoineter. —The numerical aperture of an objective may b<^ det<'r- 
inincd ill several ways; one of the most convenient is by means of tlu^ Ablx^ apertom- 

etcr, Figs. 5 a.nd 6. This instninnuit (a)nsists (-f 
a semicylindrical plate of optical glass witli t wo 
scales engrav(;d on its npjier surfaccy A revolv¬ 
ing arm, bearing a, target with cross lines, rc^volves 
in close contact with the cylindritva,! Ava.ll of tlu^ 
plate. Near the middle of the stra.ight(alg(' of 
the plate is a circular disk of silvtu- which has a 
small slit. An auxiliary obje(vtive is s<u-('wed inlo 
the thread at the loAver (md of the microsiiopti 
drawdaibe. 

Tu op(U'a.l.ion, tlu^ i)Ia,te is |)la.(a‘d upon <h(' 
stage of tlu; micros(U)p(^, a.nd th(^ ol)j(xd.iv<^, (he 
aperture of wliich is to b(^ nuaisured, is fo<uis<‘d <>n 
thi^ sma.ll slit in th(! cinailar disk of sil\'(M’, using 
a.ny convenhmt (ycpiece. Ilium iua( ion of ( he 
slit is SAHUired by dircicting diffu.scal light, l.oward 
tlu^ cylindric.a.1 wa.ll of the pla.tcu Aft.cu- (he 
obje(d.iv<^ has be(ui focused, (.!u> dra wl ube of (!u' 
inicros(a)p(‘ is carefully nunoAual and (h(‘ auxil- 
ia.ry obj(xh,ive scr(‘W(Ml int.o posit ion. 'TIu' draw- 
tube is l.luui r('pla.c('d and a. Huygiumian «'y('pi('c(' 
is inserted. TIui dra w t ube now bc'comes a n 
a.u.xilia.ry inicroscop(^ for vicwving tlu* back bans 
of (.!u‘ objectives 'The cross line's of (he (ai'ge'l 
a.ne sha.rj)ly focu.se'd by sliding (lu- dr.-iwf.ulx' in 
or out wil.hin its collar. Measurenu'n (s ar<e 
ma.dci by dis])la.(;ing tlue (arge't along (lu' pi'riph- 
<x\y of (be: ])la.to utd.il (.he cross liiu's jus(. t.ouch 
the boundary of 1 lu: circle of light. 

I'igure 7--1 is a. diagrain illust,rating \vha.(. one se('s through (he niicroscojx' wlu'u 
focus<'d on (he silvc'r slit of (he a.pc'rt.omet.er. Figure 7B ilhist ral (‘s how (lu' l)ack lens 
of the objective a.i)f)ea.rs wlu'ii l<x)king through the auxiliary microscope. 'flu' (ai'get. 
should Ix' dis]>la.c<'d both t.o (he right, and (<> (he left, a.nd (lu' ine;in <»f tlu' r(‘;i(lings 
of the ou(.er periphera,! scale giA’cs ( In' value of ( lu' numerical .'ipert ure of (lu* obj('c( i\'e 
under t.('s(.. The niea.n of ( lu' rea.dings of (.he inner scale giv'es tlu' values of ( he ap('r- 
(ui'es in terms of (he air augh'S. 

'rcstitu/ ObJccliiH'S ivitfi (he Aht>r 7’rsl Thilc. h’or t.lu' pur])o.se of (es(iug (h(‘ corree- 
(ion of microscope objectives for .s])h(‘rical a.nd chromatic' aberrations, w(' nui.\' use a. 
|)r<‘pai'e(l (es(. objc'ct. of nuiximum contrast. It. taki's tiu' form of a crude' ruling or 
gra.t ing a.nd is knowi> as (lu' Ablx* t ('st jvlate. '^riu' tc'st ])la ((' is a means foi' (c'st iug arid 
st udying sonu' cliaract ('fist ics of objc'C't ivc's. 

It consists of sc'veral sets of parjillel lines ruh'd across a. thin film of silvc'r dc'posit ed 
upon a. covc'r ghi.ss. Tlu' covc'r glass is a long narrow strip of glass worked o])tic:jlly 



Fio. 5. Abbe aiiertomcter assem¬ 
bled for use. 
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plane on cither side and in STieh a way that the strip taj)ers gradually in thickness from 
about 0.1 mm. at one end to about 0.2 mm. at the other end. The coamu’ glass with 
the film side down is pcrma,nently mounted on a microscope slide on which is engraved 
a. .scale indicating, by increments of 0.01 mm., the thickness of the cover gla.s.s from one 
end to the other. 

The nded linc'.s are usually designated as the "white spaces” a,nd the undisturbed 
silver film between adjacent ruled linos as the "black sj^aces.” The silver film is not 



tol.ally opaepK^ but is sufficiently transparent to revc^al the silver grains. The ruled 
liiu's ha.V(' jagg('d cslgc's which form a d(fii(“ite t.est objcait for higli-pow(w obj('etiv(^s. 

d’o lest, objc'cl iv(‘s, a microscopes should l)e used whicii is fiti'(^d with tb('! usuai sub- 
st ag(' ilhunina.t ing apj)a,ra t us, in order to provider for a. rai)i<l I nmsition from axial to 
obliqiu' ilhutiinal ion. 

Tlu' <iuali(y of t lu' images at the cent.('r of t lui fi(dd a.nd tiu^ (diang('s which occur 
wlum llu' illumination is eharigcal from a.xin.l to oblicpu' ;i.r<' ean'fully obs(u-ved. Th(‘ 



and l(‘ft. 'The iiusin of tlu‘ rt'adiiu-cs is llu- iiuineric'al iiiK'rtina' ol I h<' ol)jee(iv<s 


p<u’rormanc(“ of an obj<'c( i\ (‘ is judged by liie wa.y in whieli ( he sha.ri) (slges ol t he 
ru 1 iiig.s and ( h(' sigrai ns 1 li('ms<ives a,r(i dcdiiH'd a in 1 al.so by tlu* color and width oI 
t lu'c<>lor fringe's uiiieli boi'dcT’ the ('dges ol the: hlack si>a.cc's. 

I'igure S illusi rat es diagrainnui.t ic.-illy t he appearance' ed’ color fringe's as .se'e'ii with a. 
te'st pliile' anel ;i .se'tn in j)e >e'lire)nui I ie' e)l)je'e'i ivee whe'ti usiTig axial light. If the' e)hje'ctive' 
is imshe'el wiliiin the' fete'.us, the' e'e Ige'S a ppe'a.i' viede-l, a.nd if tin' ol ije'e'l i ve' is elra.wn wilh- 
e>ut I hei foe'u.s, Ihe^ e'oleir fringe'.s clnuige' to jipple' gren'm '^l^his is kne)wn as "synime't- 
rie'a.l ” e'ole)ring be'e'ausc bot h e'elge'S e)f the' Idae'k .spae'e'S are' ce)le)i'e'd the' sanle^. 

Th(' e-ause' of tlie'se' e'e>le)r fi'inge's is maele' e'le'ar in h’ig. fi, whie-li illusi rate's in an 


e^xagge'fa t e'el w;>.\' t he' forma t iem e)f t In' image's wit h a. se'iu ia i)e)e'tu'oma.l ie' e>bje'e‘t,i\’Ci wtu'ii 
using white' light, and axi;d iliuminatie)n ol thee lest plate'. In this diagi'ani, the' eeolors 
art' inelie'a te'el se'pa rat e'ly inste'aei e)f I ele'inleet. 
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When the objective is lowered, the yellow-green fringe first appears, and, if the 
objective is lowered still further, the orange-blue and the rcd-violet combinat ions 
successively ai^pear. It is evident that, if the objective is pushed wit.hiu tlu^ focus, 
bhic-violot fringes should appea.r bordering the black spaces of the test plat e, or, it t lu^ 
objeotivo is pulled witiiout the focus, the friTiges should appear yellow-gnH'ii. 




!). Diiiviratn illusl ri>I iiiK t lu‘ formation of color fringes with Htmiiaixx-hroina(.i(^ 
ohjccti v(> and whitt^-lij'ht, axial illununat ion of lest i)lat.(x 


When obli(iu<‘ iiglit is used wit h I h(> test pla.te aiul a, S(‘tnia,pochr()ni!i,tic ol )j(M't i v(', 
the upjx'r honlcrs of the hiack spaces nri' fringed with ai)ple-gr(xm color and the loner 
honlers with violc't, as il lust rat (xl diagrainma.t ically in big. 10. If th<‘ light Is direet<‘d 
from a dia r n< h T'i("f 1 1 ly o|>posi 1 ( ' di r<M*t iim, { he orihu' o 1 <x) lors w i11 I )<“ i m <' rsec 1, I h apph ' 
greon appearing wlxu-e formerly llu' vioh't appeare<l and vice v('rsa.. Tlx' same color 
iirrangmnent. persists n‘gardl(\ss of wlx'ther the ohjeet ive is pusluul within or pulled 
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without tlu^ focus. The coloriiig is now termed nonsymmetrical because the edges are 
not. (‘olorcd tlu'. saine. 

'riu^ r(‘a.sons for this nonsyttimetricaW'oloring with oblique light are illustrated in 
Kig. 11. Light (uit(‘rs from the lower third of the substage condenser and illuminates 
th(' while .spa,(*e of the test plate A^~A^. At the image is really in the apple green, 
but, unless very closely observed, this color is lost because ot the brilliancy of the white 
space. The orange-Vdue (onvitted to simplify the diagram) and the blue-violet appear 
as pa,s.sing 1 hroiigh the bhude space and have been so represented in the diagram. At 
.1^ just lh(‘ opposite emuditions obtain. The orange-blue and the blue-violet are lost 
and th<‘ yidlow-grc'cn app('ars to come through the black space. No matter whether 
th<‘ objective^ is r!iis(‘d or low(u-ed, the same color relationship persists. 



Whether the objective is within or 
without the focus the coloring 
remains the same 

Pk;. K). ('ohu-itiK of l»or(l<‘rs of subject when oblique light is used with test plate and 

s<'niiapo<dironuitic objective. 



Clrtitiirm Ohjrclivi'x and f>eu/ur.s-.--Obj(M-.tives must be e.hmu if they are to perform at 
Iheir besl. .M'ter ati imuKU-sion obj<H'.tive is used, the immersion fluid should be 
\vipe<l from 1 h<‘ front lens witli a fresh piece of lens paper moistened with pure ben¬ 
zene n may b<‘ neec'ssnry to use seviu'al piiices of lens paper and repeat the opera- 
I’iou'unlil the lens a.nl its mount a,re (dean, bright, and dry. The pbjeetive shou d 
th,.,. !><• stored in its ease. When handling ol.jeetives, the fingers should be conhned to 
1 1 h- UnurhMl collar, ami ( hey shouhl not (Hm>e in contact with the front ami back lenses. 

d'o care prop<‘rIv for obj('etiv('s and oeulars simple a,ppUances arc usetul. A supply 
<d verv id<«an fin(>-gra<le .absorbent cotton should be stored dust free in a covered glass 
v(*ss(d' 'Ports of (his <-o(b>n are (wistvd .securely about tlu. ends of wooden appl.eu- 
,ors ■ ('.are should lu- (‘xcuviscal to s(‘e tha,t tlu. end of (,he stiede is deeply buried m the 
,ot‘tou This cotton swab is then moisbrned in benz<.ne and tlu. lens surfaces gently 
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and carefully wiped. Several different swabs should be used in succession, especially 
if any iinincfsion fluid has dried on the lens mounts or sxirfaccs. All of this must bci 
removed. The lens surfaces are inspecteds^ritli magnifiers. Finally a small hand 
syringes is used to blow loose dust j:)articles and cotton lintei’s from the lens surfaces. 

Microscopy of Metals. Developjiie^it of Metallography .—Metallography is that 
branch of science which deals with the aiiatomy of n^ctals and teaches how t he strnc- 
ture changes under the influence of mechanical and thermal trcatimmts. It is the 
moans by which good, poor, or indifferent physical properties are explaiiied on tlu^ 
ha,sis of striudure. With control of structure comes control of physical properties. 

Two deca.des ago optical s^'^stomis were available which theory indi<!ated were 
eainible of resolving some 140,000 lines per inch, and others could be developc'd with 
(considerably greater resolving powers. Yet photomicrographs of metal stnucturc's 



Fi<i. 12.—PrcMusion liigli-power niotallographicj apparatus. 


\v<u-<' at low mag-nificalions, aaid (bo hms systccni.s employ(ul luid low rc'solving powcu-s. 

1 inuu'fsioii objectives of liigh miin»‘rie:al aptcrtuix' probalily \ver(‘ si'ldom ulili/(Ml, and, 
if so, (b(‘ ri'suh.ing ph()(x)mierogra.j>Iis wcu-c of doubiful scii'utific or induslrinl value. 
Such inl.ei-esl, as (hey aldfaiMial wa.s du(^ luoia' (,o (b<c large magnifical ion employed 
rn(.her than to any real iid’onna ( ion diselosiMl hy (lu' photogra|)hs. I ligli-magnifiea- 
tion images were no(, crisp or lu-illiant bul were (h(> exact opposite. Hesolution 
pr<di:d)l,\' was of ( h<‘ order of a. fmv (.housa.nd litu's ixu- inch. The Ix'st. ()])( ieal systems 
were not, use<l (o (heir full pu(.en(ia,l ri'solving ability, and (cxet'pt in ra.r(' causes i(, 
a.iipears likely (hat objeelives of (.dO N.A. wcux' not employc'd in (lu' mieroseopy of 
met a Is. 

prepara,(ion of m('(,!il six'citiKMis was erud<' a,nd in (he eoursic of evolu (iona i-y 
devidopnient. P.e(t(>r and monc uniformly graded abrasives wi're ix'eihxl to replaei* 
(he ones whiidi bad been adopted from (he nu‘tnl-polishing and luiding trades. Six*ei- 
meiis wi'H' left in a sera,((died and pit ((xl eondit ion, and, wlxui sulisixpumt ly (-( (died, any 
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fiiu' details \vhi<*h <*xist<Hl in the structure were not developed and were oftentimes 
ol >1 i tors vt cal. 

I ho <lov<dopTn(mt ot hi^h-powcu* metallography led to the utilization of the full 
potontial resoK-infi; ability of (existing optic*al systems. In order to make use of this 
n^Holving p<>\v<'r, it was lUMU'ssary to loa-rn how to i)rei)are metal specimens to better 
a<lvautago for niicros(*oi>i(* ('xainination. 

tr<aid in (lu^ d<\sigu of nudallographic apparatus has been entirely toward the 
invent tnl typ(' of inicros<‘ope. Many faults of the early inverted microscope have been 
(>vtn'(a>nun Tlu\s(^ inst runicmts a.re more convenient to use than any other type, and 
t lu\v nri' more (H)mpaet so t hat the illuminating train, inicroscopo, and camera can be 
rigi<lly mount(Hl as a, iniit and insula,ted by spring suspcaisions, or otherwise, from 
outsidii distairl>an(‘<'s. A gre^at deal of care and attention has been devoted by the 
inanulaxdnrers to tlu^ opthail a/nd mechanical design of the apparatus. It has been 
made larg(dy f()ol]>r()or, so that the average worker of limited experience can achieve 
nunnrkabh^ r<\sults. Tw(mty yea.rs ago nuignifications of 100 X to 500 X wmre the rule 
wit h an o<‘(nisional photograph at 1000 X, but common practice today has increased 
magnifications to tIOOO X with good definition and a high order of resolution. 

Th(‘ <>pti(*al systxMns of higher numerical aperture are coming into common nse, 
and with in(*r(^HS(‘ in rnnn(uhnl aperture of objectives more skill and experience are 
rc<pur<Hl on the part of the user. The monobroinnaphthalene objective of 1.60 
N.A. is now availabh' for mctrallographic work but l)ecause of certain inherent cliar- 


a(*t crist i(\s of this hms it is us(hI only with considerable difficnilty. 

Preparalioti of Spvcitnrtis.---^V\\o prepa,ra.tion of specimens for inetallographic 
("xamination is a laborious and somowha-t tedious job l)ut (*an be systematized so as to 
take from t lu^ task mm^h of tlu^ drudgery. The vast majority of sp(icimens arc alloys, 
\vhi<*h \isually hav(' inon* than one present. Most s^x^curnens contain solid 

noninetallie iiK’lusions. Some sptHumens a.re cold-worked in wViole or in and 

sonu* (amtain frn(Mur(\s, <*ra<*ks, or discu)ntinuiti(\s which it is desinxl to study. Some 
specinums ar<‘ hard and sonu' are so soft tha.t. a.ny atteinx)t to ])olisli a suriace results 
in a myria<l of s<‘ratvh<\s whi<‘h a,re (Unicult, to rcutiovo. Wlum ctc^hed deeply enough 
to g<*( b(‘low th(* s(‘ra t <*h(\s, th<‘S(' soft spcMMiiuuis g(uiora-lly have", tlnur fiin^ details of 
*stru<‘tur(‘' and ofbai (h(* coarsen* ones oblit.(n*at(nl by the v(n*y opcn/iition \vhi<*h was 
intmnleal to ellsclose* tb<nn. W heni mon^ (Iian oim (‘onstit luni t is prc^scnit^ in a spechmoii, 
eliffcrencos in sohibilit of the' const it inni ts arc^ dise'loscd by et(*bing a-ud, il cnin^ a,nd 
umh'rst anding an' not ('X(n*<*is<nl, misl(\‘Mling <n)nc:lusions a.r(^ apt to (xnnir. Tlu^ use ol 
obli<|U(^ iHumina(ion, dark fie'Id, or polarizinl light (*aiuiot- comijensale lor Imilty 
workmanship in t Ix' prc'parat ion of a. nxHallographic siKMtinxm. The detail must be 
(h* vel< >p<'< 1 in tlx* speannani, and them (he onUn* oi nssolving })(>wer and magn ifi( at ion 
in t h(' <)i)ti<*al sv'stenn must lx‘ snlliciend- (o rcwnnil tlu' (hHail (deai’lv. Since phol.og- 
raf)hy in tin* final analysis is nnxhn-ing in bbi(*k and vvliit(^ tlu^ contrasts and gradations 
in t < >11 e a I id color a 1 u(' w b i <• h (' x ist in tlx* ob j (x* I-, it' 1 < >1 lo ws that/, i I o n<' is to a ( b i( v c ci usp, 
brilliant imag<‘s phot ographi<*a.lly, th(' subjend. must ha,vc ('xtrcmcly well-dcvclopcnl 
dcdail, otherwise' W(' could not photograph it. at all at \nM‘y high nnignifunitaons. 

Soft nudals such as h'lul cal >h'-sh<‘a I b alloys, prcxnous nud als, aluminum, etc*., 
('an Ix'sl lx* pi-cpaivd by ciilSng a. sp<*cim(*n with a, v<n-y rugg(*(l nfunotoinc. A very 
satisfactory oix^ is tlx* Jung wood-sc'ct ioning mi(*n)t()nx*. ddx* r(*<*(l of this instnuineiit 
(‘an lx* s(*t for any t hicktx*ss of s(‘cli()n from 2 to 50 "Vho si)(X‘im(*ii is first roughly 
cut to a flat surfaix* by s(‘l I ing t h(‘t'(*<*d to cut off sli(*(*s about lOMt hx'k. HHns tJu(‘kness 

minimum <*ut <>l 2 jjl. 1 lx* s(M*t i()us or sli(*(*s aa <* not used 
xa.n 1111a t-ion. Ait(*r t lx* block (^r s]KX‘im(ui 1 ms 
tlx* cut surfa.ee is ctclied witlxiut any further 


is gradually r(*duc(‘d to tlx* 
in t h<* sul )S<*(|U(‘n t nx*! a llogra phi(’ 
b(*<*n n*ux)V(*(l Irom tlx* 
tr<*al nient. 


microtonx* 
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It. is obvious that the serrations in the knife edge produce scratches in the face of 
the spociiucm and that any section cut from the specimen will have scratches on the 
upper face due to the previous cut of the knife and on. the lower face due to the cut just 
completed. By decreasing the thickness of the sections, a point will be reached when 
a coiuplete section is no longer secured but only fi'agments of a section, i.e., the 
scratches on top and bottom have so little material in betweeii that the section 
crumbles. It has been found that, "^hen the microtome cuts complete sections 2/x 
in thickness, the surface of the specimen will be satisfactory to etch for metallographici 
examination. If it is necessary to set the microtome at 4 /x to cut sections, it indicates 
that the knife is not well honed or stropped. These specimens will not etch free ol 
sci’atches when viewed under the microscope, liven a well cut and etched specimen 
often pi'osents to the unaided eye the appearance of slight furrows or undulations in 
the prepared surface, but these imperfections disappear and are not troulilesome under 
the microscope. B^om the standpoint of what can be seen with the microscope there 
is no comparison between the old polishing technique as used for lead specimens, lor 
example, and the newer method of microtome preparation. Moreover a sptujinien 
may be prepared in 2 or 3 min. by the sectioning method while the old methotl not 
uncommonly required several hours work to prepare a single specimen. The imi.>rov(‘d 
means of prepai’ation makes it possible to study the structural effects of small quan¬ 
tities of alloying elements, incipiemt fusion, cold-working, aging phenomena, cvt(!. 

Hard specimens su<4i as iron and steel are gradually brought to a plami smooth 
surface free from scratches, pits, and othcu polishing imperfections by a. sequtuuui of 
griiuling and polishing operations. 

Large specimens arc more difficult to prepare and require a much longer tiling in 
preparation than small specimens. The ideal specimen is one about ?-4 or 1 in. ijJ 
diameter and not more than J i in. in height. If the speeimeii is much higlu'r t ban 
tlvis, ditliculty will be encouuteu-ed in maititaining a flat surface. B’or smnlkir sp(H’i- 
nums the height should be proportionately loss. Specimens much smaller than in. 
in diameter are difficult to hold in the fingers, and it will be found aclva.ntag<'ouH to 
mount small sj^ocimens and irn^gulnrly shaped ones in a plastic molding iiK^dium such 
ns bakelite. If the edg(i of the sp(^cimen is to be examined, it is always advisable (o 
tnount the spe<union either l)y molding it in a compound or (na.nq)ing it between nu'ial 
blocks. 

Surface Preparation. —Th(‘, first step in the lu-eparation of the surfju^o is to grind 
oiK^ fiUH' of f lu': specununi fla,t. A bench griiuku’ may be us(m1 for the purpos(^, and it i.s 
<lcsira.bl(^ in rmuiy cases (o k(H>]> t.lu'spcH'.inuui cool by dinabing a str(\'i.m of cohl \va((>r 
a,gainst llui wlxud. B’or g<'n('ral work an Aloxitc Brand—fit) grit—C5rad(i .1 Bond 
3-ft.. wlu'd nu'usiiring 8 by 1 in. a.ixl involving at about 3400 r.p.m. in a. vert ical plane 
is r(^conunen<l(Hl. Orindiag wlxxbs shoukl not be used if tlxar surbxu^s a.n^ clogg<‘d 
or H(H)red. Tlxi (Hlg(^s of (.lx* spc'ciimeu should bo bevekxl slight,ly on the grinding 
wlxH'l. If t ins is not doiu^, 1 lu* i)a.p<’:r work to follow will producti on the sjx'dnnui a. 
sharp knifelike e<lg(^ whicdi is lia.ble to catch and tear the lap cloths xised in snbs(Mpx*nl. 
polishing operations. 

Aft( 5 r grinding on 1lx* when*! the specimen is ground by hand on various abrasive 
papers. Al().xif,(! pa.i)(u\s a,re n'commeixled for the purpose, start ing with No. 240 aixl 
grinding in t.uni on Nos. 2<St), 320, and 400. TliCi papc'rs ani i)la(Hul on a bench plate* 
or ollxu- smooth bard surfa.(Xi such as a piece of plate glass. The Hpe(‘inx*u is th(*n 
h(4(l firmly in the; fingeu-s and pu.shed back and forth slowly uiuku* pressures t he (uitin* 
huigt.h of t he papfu*. The dinection of grinding on tlie No. 240 papeu* should be aeu-oss 
the previous w1xh4 s(u-a,teh(is, and this griiuling operation should he (eontinued unt il 
the wlxH'l scra.t(*.lxes ti,r(^ comphbely removed. On each suceuHHling pa.i)(u- a, ixuv s<*t of 
uniform siu-atclues is <!stablislx*d across the ijreceding scratches until t.lx; lat.ter are 
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<‘ly rc'placed by finer ones. From the 400 paper, the specimen goes to a hori¬ 
zontal lap wluad eovorod with broadcloth and charged with 600 alundum powder where 
t he; polishing continnc's until the scratches are removed. Final polishing is carried out 
on alloth(u- lap wheel covered with a veiy fine broadcloth and charged with a mag- 
iK'siuin oxi<le paste. The. paste is ntade by mixing magnesium oxide with water or 
wit h a. mixture of wiiter and glycerin. Magnesium oxide forms carbonates readily 
wluMi in eont a.et with air and water, and because of the difficulty encountered in secur¬ 
ing unitonnly good powder it is advisable to prepare the powder by air floatation. 

It is not w'ithin the sciope of these brief notes to give complete details for preparing 
sp(M‘ini<‘ns, but the suecessfid photogi-aphy of the speeimen depends to a large extent 
on the (‘ar<' with which the surface has beeir prepared. For that reason it has been, 
ih'cnu'd advisnlile to give some indication of recommended procedure. More detailed 



M(‘<*ounts ami modifications of the proc.edurci will he ftuind in the literature, to which 
rcfia'cncc should lx* nunle. 

The Ultraviolet Microscope. T)cvclopm.ent of the IHtroviolct Microscope .—About 
ItlOO K«)hl<T of t h(i Zi'iss Works <lev<'lop«Ml a niicu’osc.ope which had about twice the 
rc.solving power of other .systems. Its superior resolving power was due to the use of 
ultraviolet light. Prior to that tinu'only visible liglit had been employed to illuminate 
microscopies prepa rat ions. To iak<* advantage of the greater resolving power through 
the us(^ of slant ('!• wa vcbuigl bs, Kdbh'r (bwisc'd an appara,tus which operated at a 
wa.v<‘l<Migt li (>r 27r)t) A. Minc(' glass is o])!uiu(' to wavclengtlus in this region of the 
sp(Mdrum, .all optical {)arts w('n^ ma.de of (piartz. The system is monochromatic 
hecau.sc opt i<-al materials of suitabU' refract iv(' nral disp<'rsivo powens art^ not available 
with which to achromat i/.c objt'ctivcs for a range of wavelengths in the ultraviolet 
region. Clhroniatic aberrations an^ eliminated l)y confining the system to a single 
w.avdongih of light. Spherical alx'rrntions are corrected by virtue of the curves to 
wliielj the lens eleinetits an' ground. Monochrouuitic light is secured by means of a 
.siiil abh' niouoehroinator. 
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Fkk 14A.—Striietiiro of lead-antimony cable sheath which has seen lon^, service. 

the widened Krairi Imiindaries mid mottled ^rain. (Magnificatioin 200 X.) 


c 



Fro. 14/?.—Same as Fig. 14d but at a magnification of 2450 X to reveal details of 

granular structure. 


Note 


inter 
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Fki. 15A.~lnti'rii:il stress misers in east iron duo to fatiKuo. Minute serrations in the 
walls of Kraphite (lakt's and the very small tips of the flaki^s are internal stress raisers of 
major imporl.aman 'Phe path of a fatiKue crack is generally from one sutih structural detail 
to another. (Magnifi(aition lOOOX.) 



Fig. — Intc'rniil in 


cjiHi iron. Thin in f 111*1 Huinc 
c-ui ioii of «'^7()() X- 


!V.rt 


VifT. ir>A hut ill a inagnifi- 
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To visualize the image, a fluorescent screen is employed. This takes the form of a 
uranium glass wedge on which the image is received. The image is view(Kl by a. small 
magnifier and is focused in the ordinary way by racking the tube of tlie microscope 
upward and downward. In principle this seems rather simple, but in practice it di<l 
not work out very well because operators had difficulty in coordinating a system with 
light which could not be seen. In the first place, the intensity of the light is lou’, 
and the image is very small on the riranium glass wedge. Iduorescence in uranium 
glass is not a siu’face effect entirely, and this made it difficult to focus five insf runumt. 

Beck and Barnard of London, attempted to got around the focusing 1roul>l(i oy 
means of an iirterferometer focusing arrangement which they incoiporated in an 
ultraviolet microscope of their design. Kohler in reeent years has dev<^loi)ed a, more* 
powerful light source and has improved the searcher eyepiece or focusing d(vvi<‘(‘, hu t in 
principle and in application it is essentially the same as the original. Th(> fact, 
remains that the original appara,tus, as available in 1900, was a, w()rka.l)le preausion 
system although its successful use was delayed a quarter of a. cauitury. 

More; powei'ful illumination for inert material such as 1‘nely divided mineral 
matter, for opaque metallurgical specimens, or for preparations wiiiidi are <jui1(^ 
a.bsorbent at 2750 A.. nnquostionaLly would be of great benefit. Ilowc'ver, organic 
a,nd living material especially may l)c affected by exposure to a, stronger sou ret' of 
energy. This is something which will have to be determined but tlie iiulica t ions a n^ 
that, while ma.ny living cells may be photographed successfully with (lie pix'scmt 
intensity of light, thevre is no assura,nc(; that disintegration may not occur if lh(; 
intensity of th<^ light source is much increased. 

In this (country Bausch & Ijoinlr have developed a, simph' tdtravioh'l sys(,('ni on an 
entirely diff<‘r<mt system. They have (H>rr(^<ded ohj(U‘tives for t wo vva.volengl hs, oiu^ 
in the visible region of t he spcah runi a.nd one in tlui near ultruAMoh't. '^Flu' ])r(q)aral ion 
is focused in the visibles light and pholograplu'd in the ultraA'iohq,. Tlu' sourc<^ of 
illumina.tion is a in<U'cury-vapor lamp, and s<'pa.i'a,tioM of \va,\ <‘l('ngt hs is acconiplislxsl 
by filtei’s. Since I ll(^ wa,v(‘lcngth u,se<l in the ultrnviohd. is llu' A Iin<>, optical 

ghiss may Ix' citiplo^a'd inst('nd of (piartz. 

Tlie K<')liler systiun, of which the Ik^c^k sy.st iun is ('sscnthdly but a. nioditicat ion, 
is wit.hoiil, doubt, the most powcu-ful inicrosiuipi^ <'V(U' (h'visisl. Us higlu'sl powiu- 
objectives has a, miinerie^a.l aperture of 1.25, luit owing l.o t lu^sliorl wave'leuigih of light, 
used its (hTecqJvenicss is (Hiuiva,h'nt to an ol»j(‘cl ive^ with a. nuuu'rical apertuic of at hvist 
2.50 wIuMi useal wit.h visilile l)lu(^ light. Ilowen'cr, for many purpose's this system lias 
a,elva.nt.a,g('s eivcr those' using visible; light, vvhicli s(;ar(;e;]y can lie n'l'keiiu'el in te-rnis of 
nunierie;a.l atieu’ture. 

The; uU.ravieilet mie;rosce)iK; \va,s int,e'neh;el originally feir biological n'seare-h, but. 
inability tei use; it snc<;essrully all but e'a.use'el its e;e>mpl('t e; ahandonnicnl. .A.bont 192.5 
it wa,s r(;(le;sign(;e] a,s a, me;tallurgica.1 inie'reise'eijie; and was i)ro\ id('el with a (juartz plate' 
ve;rt,ie;a,l ilium inalor. At. b(;st (lu'se; illumiiiaten's are' not. ('fl'c'ie'iit, and with tlu' rather 
weak soure'.o eif ult ravieih't. light a,va,ilabh' it. wa.s ])l•a.ct.ie‘a,ll^' inqxissilih' to elo niueh 
wil.h t.lio inst.runu'nt. in tin; fie'lel eif nH;la.lle)grji])hy. The; metal spceinx'iis abseirbe'd 
pra.ctie;a.Ily a.ll the; light a,net thus ve'iy se.;rie>usly e'exnplicate'd the ])re»M(;ins eif feicusing 
a.nd pheiteigrapliy. 

A gre;a,t. eh'al e>l' e;x|)e'rim('nla.l work was elexie; wit.li tlie ('qni|mi<'nl in an atte'inpt to 
impreive; (;e)n(lil.ions bul. without, much avn.il. It was discov(;r('d, howe'vcr, that the 
syst.eun ha.el ina|)()i-e'('ia,l)le ih'pth of focus, a.n(.l it. was re'asoix'd that, if a t ra nspji ren t 
l)ie)logi('a,l s|X'e'inicn oi-oix' a(iproxiinat e'ly sei was siilist it ut<'<1 lor t hi'opaepie metalhir- 
gi(;a,l spe'eame'ii, l lu' nil ra.vioh'l. light e'oulel be tra.tismitteel t hrough the'spi'e'iine'ii fremi 
beleiw in the; usual way and that it. shexilel l.lu;n be jieissibh; to photograph I he* s|)e'<*inie'n 
on suc<;e;ssi\u; planes. By spacing the planes from top to bottom of (he; spe'e-imen 
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slightly more, thiiu the depth of penetration of the system, optical sectioning was 
ol)t aiiunl. 

In developing the art of optical sectioning, experimental malignant tumor material 
was uh(h1. At first this material was fixed and stained, but soon it was discovered that 
sta ining of tiasxies was unnecessary and that better results were secured with unstained 
mat('ria.l. DilT('rentiation of structure resulted by selective absorption of the ultra- 
\'io!('t light. The fact that organic material manifested selective absorption paved 
(ho Wily to the study of living material and the elimination of changes in the specimen 



jc'],, 1(1. t hr<v>-<liiii<‘n.si()ital jiicl uro of maiigaiieso water toughened and drawn at 

(Miignilicatiou, 3500 X.) 


(Mr(ira<'ls) inci(l('nl lo lixjiiion, sfaining, and mounting. Thus it became possibh^ (o 
phot<>gra[)li living ctdls in isotonic salt, solutions most ol which readil.y trausmil, ultra.- 
violet light. I^'urther experimentjil work <lemonst.rn.1 ed llnit most living ec'lls were 
not .MtT(‘cl(>(l by light of wavehmgth of 2750 or 2573 A. of inbmsity and duration of 
exposuia' onlinaril.v n>(|nir('<l in ultraviolet, microscopy, 'flu' ruh^, however, is not. 
univ<'rs:il iu its ap[>licat ion, as some few living orga.nisms an^ almost unmcchat(‘ly 
.lismfgratcd ami ollu'rs soon shrivid a.n<l die. Most cells a,re immuiu' to long 
rxposun-s at 2750 and 2573 A., hut. nt. short.(n- wa.vel(!ngt.hs such as those of the 2300 A 
group !iud for still shorter wa.vcleugl.hs, the lethal action is very rapid. 
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Thus it became possible to photograph most living material at very high powers 
(1200 to 3600 diameters), to take optical sections on planes spread 14 M apart, and to 
avoid many of the artifacts which have perplexed cytologists. Cytological studies 
soon demonstrated that some of the details of structure attributed to cells on the basis 
of fixed and stained material did not appear to be present in the living cell. As a tool 
for biological research the ulti*aviolet microscope offers far-reaching possibilities, 
notwithstanding the fact that a more precise technique is required than for the visible- 
light microscope. 

In science and industry it ha,s niuclr to offer. High resolvdng power and the 
cliaractcristic crisp, brilliant images obtained make it possible to pholograph very 
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small particles such as |)igm<'nl,H, fillers, etc. Organics compounds such as soaps, oils, 
la.(.s, wa,.x(LS, (he., can he studiinl in the sa.mc mariiK'r a,s tissu<^ prc'paral ion. Problems 
in catalysis, adsorption, filtration, (he., an^ opem t,o study as iK'vcr hefon', and t h<‘ 
d(q)osition of nudallic. salts and compounds can he traiusl and d(‘t(‘ct<'d oflcnt iim's to 
lar l)(dl:(u‘ a.dva.ntagc^ 1 ha,n by an_%' otlu'r m(unis. In a. syst<'m in whicdi two or more 
plniiSfLS a,r(^ ])r('S(‘nt, sdcclivc absorption dilTt'rcnt iat cs tlu^ phase's and enables on<> to 
lra,(;(! Ilu'ir origin or history through nianufacluring or production ('ych's. Ihuh'r 
favorahh; conditions particles of matti'r which nu'asurc only a few hundred atom 
dianudi'i-s across can Ix' clcarl>' photographed. W'hcn absorption is strong, n'solution 
can he cxtcnch'd downward to about 2t)0 alom d i;unct c'rs. In t lu' ('olloitlal state of 
matti'f the idtraA'ioh't micrtiscoja' has providi'il t lu' nu'ans to sccur<‘ real images, not 
diffraedion I'lTcid.s of tlu' subndcrons. Phot ogra plus of tiu'si' bodii's may hi' aiialvzi'd 
matlKunatifailly as one might t lu; photograph of i-oarse i)ignumt.s and fillers. Prom t he 
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photographs, distribution curves may be plotted on the basis of particle diameters in 
fractions of a micron or in small units of mass. In some c.ases it is surprising how- 
little the older visual-light microscopes have revealed in comparison to the wealth of 
detail developed with the high power of the ultraviolet microscope. 

Optical System .—The optical diagram of the ultraviolet microscope as arranged for 
transmitted-light is shown in Fig. 17. The micu'oscope parts are at the left and the 
light-generating parts at the right. The system is designed to operate on wavelength 
of 2750 A. (cadmium, 2748) from a high-tension spark gen(u*a.ted across cadmium 
electrodes. The light is spectros<H)pic.ally decomposed into the slit images of the light 
source. The slit images are not mono(4iromatic in the strict semse of the word, but 
each slit image is composed of a small group of lines whi(4i tlie monochromator fails to 
separate as individuals. For pra,(d.ica.l J)urpo.s<^s, however, t he* slit images of the 2750 
and 2573 A. groups are monochromatic',. hla(4i group contains a strong line and one 
or more weak lines. 

The slit images have been analyz<Hl and their t rue spcad roscopic, nature determined. 
Spectroscopic data are given in Table I. The iinag(' is photographed with the strong 
line, before the weaker lines registc'r. Some worlnn-s hav(^ uscnl a strong magnesium 
group at 2800 A. because of its greater ]>rillia,ncy, but ( he nisulting photographic iTtiagc 
suffers since a separate image is old.aincd from eacli of tlu' strong lines in the group. 
Photographic negatives ta,k('n wit h this group la.ck tln^ crispness and l)rillin.ney whic-li 
are characteristic of the cadmium groups at 2750 and 2573 A. While th<j optic^al 
system is corrected for 2750 A., ('xp('ri<'nc;e shows (hat it may be used witli (xpial 
facility with light at 2573 A. At tlni lowc'r pow(n's (piit(' good pholographs <aui Ixi 
secured with the magnesium group at 2800 A., or (he (a'ldmium group a.(, 2300 A., but 
at high powers and when (he^ utmost in n'solving powc'r is r<'(piire(l, it. is nect'ssary to 
employ monochronia.ti(r light, or its practical ('(piivahuit.. h'or sotmi piir])os(’s (li(T(u-('n- 
tiation in s(ru(hure through s('lec(iv(' absorption of (lie ultniviolch. light is more impor¬ 
tant than high n'solving power, and in such ca.s(‘s (he: illuiuina(ion can be: a.djus((‘<l (<» 
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meet the circumstances, due allowances being made in the interpretation of results 
for the falling off in the quality of the image. Similarly, to study the effects of various 
wavelengths in the ultraviolet region on living cells and organisms, the slit image may 
be altered and the effects observed visually in the searcher eyepiece or record(;d 
photographically. For such work the lower powers of the system should be us<!d to 
simplify the procedure. Perhaps the best practice is to photograph the field with a 
wavelength of 2750 A.., then irradiate it with some other wavelength, and again photo- 



SPARK 

LECTROOES 

Flo. 18.—yohcniatio diiiKi’iun for <)i>ti<^ul syst oui for working in the nltravioh't niiiKe wln'ii 

using rofloetetl light. 


Cofolmtum or magnesium 
spark fermina/s 

Fi(J. 11). I )iugriiin showing (deet.rifnil system for ult rii\’ioh't. ilhiniiunl ion. 

graph it with 2750 A. d'his has the a.dvaiil.agc' of yi(>lding good photogr.’iphie iiuagi's 
but. the (liHa.(lvsuiitag(M>r ha ving to n'foeus th<^ subslng(^ eond('n.s(>r and illumiiuit iiig sys- 
1,(011 f<jr (^a.ch cliange in wa vc'lengl h. I(, must, lie ri'imMubc'red that, if ( h(‘ ilium inn 1 ion is 
not properly focused, th<^ intcmsity of tlu^ ultrnviohd, light on the six'ciinen jier unil of 
area is greatly rcMlucial. When obs(n-ving tlui h'thnl or stimulating efTeels of a given 
wavelength, the results will mean little unle.ss the illumination is prop(‘rly focused ami 
((onf.Cired. 

Th(^ optical systmn of the mii'roscope as a.rra.ng(Hl for opaque? obji'cls is shown in 
Fig. 18. The only dilbirenee? in this a.s.sembly from that for transmith'd light is the? 
elimination of the .substag(; apparatus and the addition of vertical illumination. 
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JSlectncal S^jstem. The details of the electrical system are shown in Fig. 19. The 
asseml>ly of the apparatus as illustrated in Fig. 20 has been arranged to protect the 
tuscm agamst accMdcntal electric shock axrd from exposure to short-wavelength ultra- 
\ lolet light. Iheso short waves have an injurious effect on the skin, producing pre- 
nature aging and small tumorous growths. If the spark-generating apparatus is not 



iO.—The ultraviolet mieros<u)pc 


*sln(*i( 1<M 1^ 1< inuud ('Xfiosun^ may nssult in {serious injuiy to tlu^ opern.l.or. Tlu^ 

hnmls (*Np(M'in Il\' an^ (‘xposod to (Iu‘ nidiataons wIkui adjusting (Ik’i spark, ajul sonu^ 
tnapumi {idjiisl unud is r<a|uir<'d; l h<'spark sourec^ iseova^nal wit h ;i Iiousing. A fk^xihle 
f lintt pro\u<l(\s a iru'ans lor cont rolling IJk* <d<*<‘t rodc^ TIh’; housing musti Ix^ v(vn(.ila.t(Hl 
\>y an <*xhatist l.an to j>r(na'nt, t lu^ iunuhs g(ui(‘ra.t.(Ml by I h(^ s])ark from coutaniiiuiting the 
a11 n osplau’c* within ami ahsoi’hing th<‘ ultra, viokdr lightu 


II. 


iMoNooiiKOMA'no Oa.inc’aavKs CouuKoaacD iron X = 275 m/j. and KKVmm 

Timn IjUN(rru 
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Tables II and III contain data on the monochromatic objectives and the quart.;j 
ocnlars. Table IV gives the magnifications which result from various optical com¬ 
binations and optical camera lengths. The optical camera length is the distance in 
centimeters from the top of the ocular to the plane of the photographic plate. 


Tabue III.— Quartz Eyepieces 


D(hscrii)iive no. 

Magnification 

Focus, mni. 

5 

5 

3(> 

7 

7 

2() 

10 

10 

18 

14 

14 

13 

20 

20 

0 


Tabee IV.-— Magnifications and Opttoae Camera Length for the Monociiuom a'i's 
AND THE Quartz Eyepieces at 160-ivim. Tube Length and \ == 275 m/u 


Objfictivcs 




Fyepieces 



5 

75 

27.5 cm. 

7 

10 

14 

200 ' 
20.5 cm. 

20 

300 

27,5 cm. 

1(5 mni. N.A. = 0.20 

Magnillcat.ions 

Optical (Miinora huigt-hs 

100 

2(i. 5 cm. 

150 

27.5 <un. 


Magnificat ions 

200 

300 

450 

tiOO 

000 

(i inin. N.A. = 0.35 

Optical (uuncM'a, Uuigths 

24 cm. 

25.5 cm. 

27 cm. 

25,5 <un. 

27 mn. 


Magnificat ions 

250 

400 

500 

KOO 

1000 


Opticuil camera lengths 

30 cm. 

34 <un. 

30 cm. 

34 cm. 

30 cm. 


Magnifications 

500 

700 

loot) 

1400 

2000 

2.5 imn. N.A. = ().«5 

0|)tdcal cn.m<M*a Ituigth.s 

20. 5 cm. 

2(J. 5 (un. 

2(>. 5 cm. i 

2(). 5 ciiK 

2(» , 5 cm. 


Magiiificat ions 

()0() 

800 

1200 

1 OOO 

24 00 


Optical cain<»ra. huigths 

31.5 c-m. 

30 cin. 

3 I .5 cm. 

30 (un. 

31 5 cm. 


MagnifHMt ions 

700 

1000 

1500 

2300 

3000 


Opticvil (‘aiucra. Unigths 

24 <un. 

24.5 <un. 

20 cm. 

24 5 cni. 

2<> (*m. 

1.7 nun. N.A. -- 1,25 

. .. 


--- 

— 




Magnificat ions 

000 

1300 

1800 

2500 

3000 


Optical canHua. huigt-lbs 

3 1 (un. 

32 cm. 

3 1 cm. 

31 cm. 

31 cm. 


Moiinti'd on t he r('ar of I he si)afk-g('mn'a.(ing sf and is a nu'rcur.v-vapor lamp in a. 
suit.ahh^ inctal lumsing. A Mask in froui. of a.n opcaiing in t h(' housing (“onia.ins a gr<'cn- 
fil(,<a' solut ion. Th<^ flask and f la^ filter solut ion (ajinunitrat(^ t lu^ light of t he nu'tamrN’- 
vapor la.m]) on a, small mirror \vlii(Mi imiy l>c swung against tin* prism fac<' and thus 
reflect the light into tli<^ ini(H-os<a)p(^ for pndirninary adjust,nnait and focus of tin* 
mie.roscope. 

Operation of Appdraluti.- —Tin; objectives are provddcKl with centering mounts 
vvhi(di first of all should be (airefully adjust ed so that, when tlie illuminat ion is e(‘nt(*r<‘d 
for one objectiv(;, it will be praetically centercTl for all objectives. The ('cnti'ring of 
the object iv(vs maintains t he sa,me! fi<dd of vi(nv wheuv objectives an; ehangc'd. 
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l*or projituinary adjvLst nieiit a 20 X ac^hroiiiat objoclivo and a 5X Huygliens glass 
ocular are fitted to the microscope. The siibstage condenser, with front lens removed 
and with the condenser adjusted centrally in its centering mount, is inserted in the 
sulisfage holding ring. Inght from the mercuiy-vapor lamp is then reflected into the 
l>a.Ki; of the micro.S(X)pe. A suitaidc si>ocimcn. is placed on the niicroscoj^e stage and 
the rnicroscojx' fcxaised in the usual way. The condenser is focused to bring the field- 
ot-view diaphragm into focus. When the diaphragm is partly closed, the bright 
circnilur area should be ccmtercxl by turning the microscope prism and by adjusting the 
hoveling K(u*<nvs of the optical Ixmch of the spark-generating apparatus. The uranium 
glass disk is now’^ substitutcxl in place of the substage condenser; the reflecting mirror in 
fi’oiit (>1 t he prism is swung out of position; and the mercury-vapor lamp is extinguished. 



I-'m. 'Jl. I n( rjivii)h«t nucroHcoi>o fitt<'<l wi(.h graduated half circle, gradual,ed slider, 
.‘lud tlu> nliiminum j)<)i»it<‘r at 1 acU<^d to the .slo\v-rno(.ion thumh-stuHiW. lu t,his parlhailar 
n.s.Hcml)ly. I ' on the orolraclor comnsponds to a (duiuKe in fo(^al pbun^s of ' .j ijl. A H<uisitivity 
of *;•” in ntlju.sl incnt uniy (*usily hi* al 1 aim'd. By nu'ans of a <lirf<!iHint slow-inotion 
[nc<'h:intsin a .spacinni; in focal plain's of about ,* i (j P nniy lie seiaircal, although asi>a.cing ol 
■ j p .set'ins adc<|uutc for inosl. work. 

'I'lic spark is gi'iici'u(('d with cadmium ('l('c(.r(x!<‘S a.nd the 27r)() A slit images sharply 
locu.sod on (In' uranium gluss disk, as imiicMtisl by a. small circh^ markcxl on t,h(' <lisk. 
'rii(' spark is now turned off and a. low-power (piariz objia-tiva^ and (piart.z ocular ol 
. or It) - pow or siibsl it tiled for t ix'glass opt icjtl pa,rts. 'Tlx' imu-tairy-vapor huui) 
IS again iisod as t he illiiiuinant. Tin' specimen, mounted on a. (pi;t.rl,/, slide and covt'rt'd 
with ;i (ptarl/, slip, is placed on llie slagt' tiiid focused with tin' visible light. The 
apparatu.s is now ready for (inal atij usi int'ii I wil li t he ult niviolet light. Tin- si'tu'clx'r 
iv ••piece i.s swung aroiiml into position ov('r the oetiltir. 'This se.'irelx'r <'y('pi<'<a' con- 
sislsof a uranium glas.s \\('<ige on (In' surlac(' ol w^liieli art' rult'd two cross lint's. 1 his 
is the .surface on whieh the image fluoresces, anil (In' imagi' is o)iserv't'il liy a, stn;i,ll 
.•nljiistable magnifier which forms part of thi' searcher eyepieet'. The imagt', as it 
nppcar.s on the uranium gla.ss wedgi', is vi'ry small anil so must, bo erda,rgetl by Ihit 
magnifier to make even tin- gro.ss ilefails of struetiiri' visililo. Tl»e magnifittr is 
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focused on the cross rulings, and the microscope is focused in the usual way, which 
brings into focus the fluorescent imago. 

The focal plane is different for each wavelength. The microscope was focused w i( U 

- _ visible light since, to enter the focal phuie in the 

A- - ultraviolet, the tube of the nvici-oscope must bo 

B-/---N;-- racked downward and, to focus the illuitiinatioti 

^ ^ ST as indicated by the field-of-view diaphragm, the 

condenser must be racked upward. The l>right 

F ——-— ^N s i. - -yL - central area as seen in the searcher eyepiece will 

^ not be exactly centered but should bo made so by 

^Diagram showing a^jj^stment of the centering condenser mount. 

the ultraviolet microscope. When the image is in focus in the cdici 

eyepiece, it will also be in focus approximately 30 
cm. above. The camera is swung around into this position and a photograph taktm. 

Optical sections are taken by changing the focal adjustment mechanically by very 
small increments. This technique requires precision slow-motion adjustment of the 


i-lJA 


3W“ir 
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fmrr77lhTsion^^ microscope stand. This scale has a slider with 

of tlu> .sli<l(>r is sot f ^ ^ change in focus. The first division 

in<'*ins to sliovv f I r the starting position. The slider is a convenient 

Thi “' '“■' ■“S I>o»it,ioiMU>d the lum.bor of exposures in the photographie 

«3i.hl^a„ exh.;:-™''''‘'r;;'‘* ■? ^ modification of tL same Mea 

divided into n' *1*^' ‘dow-motion drum which terminates in a larger drum 

1 idcd into nueroiis and these subdivided into quarters. 
















I'Ks. 2n. Living H[t<>rin coIIh of the KraHwhoppor. (Magnification 500 X.) 

Phj)i<mr<tphi(' Matrruihfor I 'Itnwiolct Microscopy. —The most suitable plaUiS for use 
•nl 27.)() atnl 2o7.1 A. nr<^ (Ik* process-lyin'plates. Plates which can be recoinmeiulinl 
are llu' I-iaslman Pnx'ess, Maslinan Contra,st Procc^ss, and Harnnier Process. Used 
wdh a con (fast <lcv(>loper such as the I'iastinan D-19,' they give excellent results. 
\\ Ill'll absoriilnm ui the spi'f'inu'n is not vi'i-y slrong, the Plastnian Contrast plates are 
n'conunenth'd. h'or (he vva\('lengt hs belwi'i'ii 2500 and 1900 A. special ultraviolet- 
s('n.si(i\(‘ pla(<‘s an' n'quin'd as llu' or(lina.r_\'’ j)Ia,t(\s arc insc'nsit iv(^ at (hesc wavelengths. 

I'.v.sim vn 1>-I9 (-oN'rK.'XST 1 )i'iv'i‘:iiOi>Kit pok MiuTArurOoitAi’iue Photoohapiiy 


Stock Souu'noN 


vv aN‘i t:ibou( K?rj"I''.f . 

M ct nl ( Ibimi } . I 

Sodium iiilplntc (tio-.iemt <ul i . 12 oz. .‘{(iO gr, 

Hytiro<p 1 inoiH' . 1 oz 75 gr 

Sodium I'sitlMiuatr f ilcNici'al cd ) . (j ][g() 

l*ota«^Hitim htomub" ... d()() gr 

^’old wator to mak<'.. I gal. 


2.0 1 . 
8.8 g. 

384.0 K 
85.2 g. 
192.0 g. 

20.0 g. 

4.0 1. 


Umc vvithuut. ililiil iotj. I Icvi-lopM ;! (o (5 iiiiii. in a (ray a1, (5.T" P. according to the eoiitra.st dowired. 
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These special ultraviolet-sensitive plates arc now available throxigh the Plastman 

Kodak Co. wu u 

Gelatin absorbs light in the ultraviolet region of the spectnim, and the absorptirm 

becomes strong for wavelonigths below 2800 A. 
Practically all the light is absorbed below 2000 
A. even by vei'y thin layers of gelatin. Shumann 
plates which contain only a small trace of gelatin 
or none at all have been extensively used for 
ultraviolet photography, but these plates were 
handmade and quite expensive. Another method 
also used to increase the sensitivity in the ultra¬ 
violet consists in dissolving the gelatin of an 
ordinary plate. A method which has been 
successfully applied by Lyman and others consists 
in bathing the plate with some fiuoresc(Mit mate¬ 
rial, such as mineral oil, which transforms the 
short wavelengths into lonj^er ones capable of 
penetrating the gelatin and thus exposing the 
plate. Burroughs, of the Eastman Laboratories, 
found in his researches on the fluorescent prop¬ 
erties of a large number of organic substances 
that the ethyl carboxylic ester of dihydro- 
credladine was particularly satisfactory as an 
ultraviolet-sensitizing medium for ordinary plates. 
This substance is insoluble in water but can be 
dissolved in certain organic; substances. Wluui a 
plate is bathed in a solution of it a.nd allowed to 
dry, the surface of the plate is cov<;red with a 
ini(;rocrystalline deposit which fluor<;s<;es strongly 
under xdtravioletlight. The fluoresctuit mat erials 
after (exposure of the plate (uui be nutioved by 
washing the plate with acetone before dewndop- 
ment or, if desired, by brusliing the plate wit li a 
cainel’s-hair brush as soon as it is in tlu; dev(dop<M-. 
The crystals looscui and a.r<^ thus brusluHl off. 
Tlu! sensitiz(!d plates are supplicnl rea<ly for use, 
or the material may be scnnired with whicdi to 
sensitize plates. 

Plat(;s, plateholders, and camera of the; iiltra,- 
violet inicros<;ope must be ehuiTi and fr(;e of dust, 
otli(u-wise speckled plates arising from dust, or 
pa.p<;r filxuvs on the plate surfa.(;c will lx; sure to 
r<;sult. Home plates are not ea.r(;fully wrapinul, 
and during manufa.c.tui’(;, shipment, and handling 
tin; s<‘usit.i5i<;d surrac(;s seem t.o (;<)ll('ct a gn^at. 
d(;a,l of dust jiartiedes wlii(di a.re didieult to r(;ni<)ve 
(•<)mph;tely. For ordimuy photographi(; work t lu; 
dust , lint, parti(;l(;s of glass, <;t e., whi<‘h lodg<‘ on 
tlu; plate surfaces ma,y lx; l)rusluxl or wip<‘d off 
r<;a.s<)nably well. 'Wlum the ]>late is list'd for ultra- 
vioh't microscopy,ev(;ry little part.ich; comi)l(;t<;ly blo(;ks outtlu; ultravioh't light and, of 
course, shows iq) as an un(;xi)os(;d spot on the dev(;loped negative. Dust particles 
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Fig. 20.—lliihV)er latox partif’loH 
<^learly resolved Ijy luojuis of iiltrii- 
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micron apart. (Magnifi(^ation 
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arc not easy to rennove, prosxmiably becanae they become electrified by brushing a.nd 
merely move about. However, by carofullj'’ brushing the plates in one direction with 
:i. cainers-hair brush, they can be made dustfi’ee. It is best to avoid the use of all 
plat es wliich are poorly packed. 

Preparatioyr of Spccinwnft .—For ultraviolet microscopy specimens are prepared 
.souunvhat dilTerently than for visible-light systems. Since oi’dinary glass is wholly 
opiKlue to ultraviolet light of short wavelengths, special quartz slides and cover slips 
must be used. Some of the special ultraviolet-transmitting glasses may serve but 
t lu'S(^ ln<d< the full transmitting qualities of quartz and consequently reduce the effi- 
<‘i(‘ncy, kmgthen the exposure, and make the problem of focusing more difficult. 
►Slidt's and eovtu' slips of these materials are relatively cheap compared with quartz 
slid<*s and covers, but, since the latter may be cleaned and used repeatedly, thei‘e is 
lit tl(‘ point in working with the glass slides. The quartz slides measure 26 by 30 mm., 
ami the emver slips aiv, 12 mm. in diameter. The slides are placed in a sniall metal 
lu>hh*r of t he same size as an ordinary glass slide, and thus ai'e convenient to handle. 

Usually, for (examination with visible-light microscopes, tissue is fixed, sectioned, 
stained, and mounted on glass slides. Many of the biological fixatives contain sub- 
.st anc(‘s which are totally opacpie to ultraviolet light or by combination with the tissue 
render the latt(u* opaque. Other fixatives, such as formaldehyde, are satisfactory, but 
lh(«y oft(‘n have serious limitations for cytological studies. Practically all common 
•stains absorb nltraviolet light. DitTerentiation of structure will result through 
s(‘leet iv<* nbsorpt ion of the idtraviolet light. 

b'or ultraviolet microscopy of tissue the best practice, as previously pointed out, 
i.s to use living mat<>nal mounttnl in a suitable isotonic salt solution. The cover slip 
is seabal with a mixt uu' of vasc^liiu^ and olive oil applied by a small carnel’s-hair brush 
nhilc rin'olving the slid(‘ on a turn tal)le. This sc'aling medium has no effect on the 
preparation, wher<>a.s lac<ju<‘r and other similar mediums may infiltrate the mounting 
medi\iin and have harmful ctT(‘cta. 

()(li<*r mounting mediums, such as glycerin, mineral oil, olive oil, castor oil, water, 
.•md some of (lie syiitlu'tic n'sins and gums, may he used for special purpos<\s with 
f echnological pref )ara.t ions. Most of th(^ natural gums, balsams, et(!., are opaque, to 
ultraviolet light and t hen'Ton* not suitable for use. 
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CHAPTER XXVIII 


GEOLOGIC PHOTOGRAPHY 

By Robert F. CoIjLints 

Ability to photograph geologic phenomena clinically in the field is a rare and 
valuable attribute. Fquipinent and procedure are simple and attainable by the 
average amateur and when eniploy<‘d tlu'y assure superior n^sulls. h’or outdoor 
work in geologic photography there are three; axioms: 

1. Work in the fhdd, not (lu; darkroom. 

2. Stop down and us(‘ a tripod. 

3. Use a sunshade. 

Th(‘ import ance of following these three rules cannot bo overemphasized; they hold 
true n'gardhsss of the film, knis, and shutter us(h1. 

Photographic Field Equipment. —hkiuipment for field photogra,i)hy must bo 
a(l(‘<iuate mid practical, h'ivn; items an^ fumhummtal and should a.sK(unbl(;d in ai 
kit which can and will b(' carried by tlu; own(;r in t in; field at all times: (uinuira., tri[)od, 
snnshachu exposun* nu‘t(‘r, and lilt(;r kit. Pii'tun^s are not ()I)ta.in(;(l by <;(piipment 
h'ft in t h(' (“ar. 

TIk' caimu'a may lx; of any sturdy type, not prefocused, equipjxal with an a.naHtig~ 
mat lens. A focusing liack is not essemt ial and a.(ddon shots an^ m;v('r takmi; luaice box 
r(‘fle.\(‘s an* unn('<*essary, and fast Hhutt(‘rs a. luxury. On tlu* contrary, Hbutt(;r specnls 
from ' 1 0 to 2 sci*. are most us(‘ful. Wizi? of n(*gativ<; today is not of |)rim(; importance, 
anything from Ho mm. t.o 3'.i by 4 in. is .sat isfactory juid pract,i(;al. La,rger <aun(‘ra.s, 
of cours(*, yield vi'ry fim* residts, but tiu'ir bulk and w(*ighl a.r(; <;ntir(*ly unn(;c(;.s,sn,ry; 
tin* ")- by 7 in. oiu's are nlisurd for lic'ld photography. Fa,std('ns<‘s an; not r('<iuir(‘d, 
except for sonu* <‘olor work; an f '7.7 or/ '(5.3 is ent irely a.d(;((uat <*. ddu* h'ns, how(‘V(;r, 
should lie of t lie very best, corn'ction for flare, coma, and s[)lu‘ricaJ a.nd (diromatic 
aberration; tin* ullimati* limit of lu'edh'-slutrpm'ss will na.tura.lly be d(d.(‘rnun<Ml by 
lens n'fineuienl. Idirtunat(‘ly n('a.rly all mod<u*n bigh-(piality spcuHl amistignuits an* 
sat isfactory for field photography if stopfied down. 

A tripod which will su|)por( t la* ca.mer;i firmly is ('ssi'iit ial. Slightly ovi'rsizi* goo<l- 
((uality t<'lesen|)ing nu'lal tri|)o<ls will usually hold tlu* ca.mera sat.isfa,(dorily in \'a,rious 
wind conditions, (iulky :md lu-avy (ri{)ods, in spite* of tiieir gn'atnr Ht.a.bility, an* 
impnietdeal for tin* fi(*ld geologist; they an* loo much to carry. A vahuibU^ i)roe(alun*, 
in addition to shortetuiig the* tripod legs when a field i)hol<)graph must. la; (a.k('n in a 
stiff br(*e/,e, is to .susp<*nd a -1- or o-lb. rock clos<* und(*r tlu* tripod head. Finally, u.se 
the IriiKxl oa ev<‘ry shot, (*ven if there* is an/M.r) lens on Ida* ca.nu*ra.. 

A sunshade should la* used at all tim(‘S. l)ire(*t. sun rays a.r(; only oia* da.ng(*r; 
bright, sky light, wa.t(*r snrfa(*<'^ n‘fl(*ctions, and snow ghirc^ are others. Usi* a. sunshiKh; 
for (;v<'ry ex|>nHure, and for p(*ac<* of mind usi* a good oia^ and a big omu 

A photo<*h*el rie (*xposur(“ motor slaaild be (a*irri(*d and us(*d. In Hpit <* of Ida* lal.itiah* 
of modern film, an (‘xposun* that is correct pays divid(*nds lat.<*r. h'or color work, a. 
pho((a‘l(*etric na‘t(‘r is a ra'e(*.ssily. 

Fill(*rs, s(‘h*et(*d ac<‘ording to tla* owra'r’s (*xp<*rien(*e, should la^ fiart. of the fiidd kit.. 
K2, K3, infrar(*d, and panchromatic gr<'<*n shouhl be amjih* for bluck-aial-whili; work. 
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Close-up Technique .—Geologic field pliotograpliy is of two types: (1) close-ups to 
show details of fossils, joints, and rock textxire; and (2) land-surface views to record 
a sweep of country. Details of ficdd procedure are given below: 

Close-ups are taken with tripod, sunsliade, small stop, and pancliroTuatic film, 
usually at a distance of 6 ft. or less. Focusing should be done with a ground-glass 
back, steel tape, or accurate I'ange finder. Filters are rarely needed, and many times 
orthochromatic film will be satisfactory. 

Needle-sharpness and depth of focus are desiderata. Best results are obtained 
by rising a small stop and avoiding sunlit surfaces if possible. Apertures of //32 or 
smaller are advisable except in a strong wind. Shadow contrast is usually desirable 
only when illustrating surface texture of rock. 

Relative scale must be indicated by including some readily recognizable article in 
the picture, such as hammer, knife, compass, watch, or coin. Do not depend upon 
vegetation to give scale when photographing rock exposures close up; a clear record 
of scale on the negative is superior to any statement in type. For scientific work, 
people in geologic photographs are generally unsatisfactory and should not lx; used. 
Human interest is not desired and is distracting, if only because clothing styles change 
within the useful lifetime of a scientific negative. 

View Technique. —Land-surface views are scientific landscape photographs mad(^ to 
record geologic features over large areas. They are among the most difiuudt negative's 
that the geologist is required to make. The following points should b(^ ol>s(n-ved: 

Sharpness and clarity are of first importance. In spite of tluj temptation of a fast 
lens and a distant view, always stop down and use tripod, sunshade, and e.xposure 
meter. This procedure cannot be overemphasized. 

Filters should be used judiciously. If there is absolutely no haze, a filter will not 
improve the scientific value of the negative. Usually there is some ha.ze in the dis¬ 
tance, however, and filters shoidd be selected according to tlu^ owner’s <'.\j)(“riime(‘. 
The best technique for really distant views is infrared photography. Prints from 
infrared negatives of distant topography are unequaled in sharpiu’iss and (h'tail; tlu^ 
false color values rendered are seldom of any hindrance to tiu' geologist. 

Corretd, perspective and iulvoxTitageous viewpoint are (wsentia.1. An assort,nu'nt of 
hmses, including a wide angh; a,nd t(‘hq)hoto, are valuable and usahh^ addit ions to t in' 
field geologist’s photogra,phi(; kit; unfortunately tlu^ invc^stnu'nt. is fnanumtly pro- 
hil)itive. Tcilephoto leasers recpiire <i.xa.cdi focusing and absolutely rigid support, and 
with most cameras such a hviis emails for a heavier tripod than would b(‘ <'niph>y('<l 
otherwise. J<lxc.ellent lan(l-surfa.c(^ vi(nvs are obtainable, howa^veu-, with standard 
lenses judiciously employed. 

Position, of the camera a.nd of the sun arc important consi(hu-a,t,ions in i)hoto- 
graphing distant geologic, sxibjcads. An elevated camera posit ion is usually chostm, 
if available, to minimize tlu^ immediate fon'iground and imuxuise the fhdd of vienv. 
Shots against the sun are avoided, alt hough much of tlu' r(\sulting flare ('ITect, (;an 
climinahal by the use of a pohirizing scinxm. Shadow (hnudopment sliould Ixi con¬ 
sidered where eiosional forms are Ixung pliot.ogriiphed; r<‘gistering the sluulow ndied’ 
produced by a low-angled la,t,(vafternoon stui will imuin t.lu^ difi'enuKu* b('t w<'('n suec(‘ss 
and failure in many cases. Undcu' noonday sun evtm art'as of high ndiid' usually 
photograph with unwa,nt<'d flatness. It should be not(xl that, th(> (h'sinal tyfx' of 
shadow (a)ntra,st c.a,nnot he prodvuuHl by thirkroom nuinipidation ; lik(' port rait light ing, 
it must be mgist (U-(Ml on t lu^ original m^gative. 

Although the scientist professes abhorreiua^ of art in his pul)li(ait,ions, it Ixdioovc^s 
the physiographic photograi)her to employ su<di artistic instiiuds as he may pos.scsss. 
A strictly technical photograph of a land surface will be looked at a,nd n'liKunlxuasl 
longer if its sky lias clouds. Again, a pine bough framing an unu.setl corixu’ of tlu; 
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film will add depth of perspective to distant valley and mountain. Finally, in framing 
the finished print under the enlarger, regard for the rules of pictorial composition 
and rhythm will yield subtle but sure results. This is not to advocate soft-focus 
effects, bromoils, or pebble-surfaced paper; the scientist's niediuin is the needle-sharp 
ferrotype print from which he should and must not swerve. Nevertheless artistic 
principh^s are a,s nui(*.h needed in scientifi(‘. photography as a good voice in a scientific 
lectui'er; there is no merit in luisality nor in poor pictorial composition. 

Color photography is not y(‘t pra.ctical for the fic’skl geologist. The exposure 
tochui<iue and equipment arc simple enough, but the limited advantage of colored 
field ptiotograplis as s(U(;ntific data does not coinp(uisate for their Ivigh ciost and rela¬ 
tively narrow range of usefulness. Furthermore there is coin|)araiively little need 
for color representation in geologic*, field photogi'aphy. 

Darkroom procuulure is standard. Tank development with suitable developers 
a,ud projecition printing on glossy pa,p<u* are recominended. Tlie procedure shotild l)e 
worked out (uir<‘fully and sta.ndardiJieil, both for efficiency and to justify the care 
exercised in making the fi<*l<l (exposure. Ik'O- 
jeclion printing is strongly urged not only 
b(M%*uise it (eliminates tin* n<H*d for large 
lu^gat.ives but (esp(M*iatly l)(H*.aus(^ it xx'rmit.s 
a ca,r(^ful scelection of the most desirable 
area, of tJu’; origitial film. 

H,(XH)rding t\v\d dat a- and filing n(*gat ives 
ar<^ n<u*.essa,ry pract i(‘(*s. Tlu* gi*ologist ^s 
not(*l)ook will r<M*(*iv(* th(^ g(H)l(>gi<^ data, for 
(*a(*h {)i(h ur(*; foiyphol <>grai)hic data, a. print(*d 
form, similar to Fig. 1, whi(*li ca,n Ix^ filkxl 
in larg(*ly by (‘h(*(*k marks, is r(MX)mm(UHl<Ml 
for its comphet (‘lu'ss and con V(*ni(*n(*(*. Nc^ga- 
tiv(‘ filing sysi<*ms an* I<*gion and subjea*!. 
to st rong p(*rsomtl pr<‘r<‘r(*nc<‘s; t lu* ('sscuit ial 
thing is that souk* adcxpiatc^ sys((*m of filing 
I >(* (*mpl()y(*<l. 

Geologic Laboratory Photography. Fho- 
t <)grai)hi(* t (*(*Imi<iU(' (*mploy(*<l in g<‘ologi<‘. 

Ial><)ratori<*s is (*xa(*ting aiul vari(*<l a,ml 
<lilT(‘rs mark<*<lly from g<*<)logi<* fi(‘ld photo- 
grai)ln(* l(*chni<|u(* in tliat, (*()nditi<)ns an* 
controllable*. Aside* froui routine* work, such as copying arnl lant<*rn-sli(le* nut,king, 
g(‘e)l()gic laboratory photography falls into t wo main gre)ups: ( 1 ) t hin-s<*e*t-i<)U [diotog- 
rai)hy t liroiigh the* p(*t rographie- m iewosetope*, and ( 2 ) phot e»gra phy e)f obje'ct-s |)<)ss(*ss- 
4 ng su I’fa e*(* re*l i(*f. 

F,(fui pnu'tit, Ida* cain(*ra. slioulel he* a, w<*ll-e*e)nst rue*t e*( 1 ''\'ie*\v type*” plate* e-aineu’a., 
from a 2 * 4 - by to a 5- by 7-in. in si/x*, a(*e*e>reling to the* us<*r\s pre*re’‘r(*ne‘(*. A 

removable* h'lis boanl, a, rising rre)nl, a. n*volving ba.e*k, ariel gremnel-glass foe-using are* 
<*ss<*ntial. lM)r ineie>e)r work, whe*n \ve*ight a.nel pe>rt ability are* not e)f prime? irnpe>r(,a,n(*(! 
but accurae’v is, glass photographie* pla((*s will furnish a. higlH*r p(*n*e'nt age* of p<u*f(*(d, 
n(*gativ<*s than any type* e)f film; the* cost p(*r unit a.rcui is ne) highe*r, a.nel hn*a.kag(* e)f 
plat<*s (rouhle-s e)nly eduinsy \vork<*rs. Fla-t.e* si/x* will vary with p(*rse)na,l pr(*fe*r(*nc(^ 
aiiel with (he* eh*mantls of the* work. A e-onv<*ni(*nt- el(*vie*e‘ is le) (‘rnple)y a. 5- by 7-in. 
e*anH‘ra, a tiel plat <'he)ld<‘rs (‘(|uipi)<*d witli itrse'rt fra.ln(^M to he)ld I- by h-in. plat e*s whem 
el(*sin*<L Inte*r(*hang(*abl<* l(*nse*H are* a. iH*(*(*ssity; the* n*me)vnbl(* le*ns lx)a,rel is more* 
<‘e)nv(*ni(‘nt than a lhr<*ael(*d flaiige* and, fe>r m(*gasc<)pie* we>rk, pe)ss(*ss(*s suflieuent 
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accuracy. For fine microscopic work an accurately threaded metal flange should be 
employed as the lens mount. (The writer does not advocate the laboratory use of 
ultra-small cameras because the purchase price and operational effort, if expended on 
standard-size equipment will yield better results. Obviously portability and even 
low operational expense are not of prime importance in the laboratory.) 

Lenses should be of the highest possible quality; a I'apid rectilinear, stopped down, 
will not equal a good anastigmat, even in copying. In scientific laboratory photog¬ 
raphy the quality standards are properly set so high that only the best lenses availabks 
should be considered. One other generalization is possible; one lens will not be 
sufficient. A geologic photographic laboratory should possess objetdives of the 
Micro-Tessar or Micro-Summar class for photographing opaque nvlicf obje(‘,t.s of 
almost microscopic size, and well-cori-ected anastigmats of 4- and 8-in . focal length for 
routine megascopic work. Obviously, the size and relief of the specimen, togctlu'r 
with the desired image size, will determine the proper lens and in many cas<^s will 
allow little leeway. Shutters cease to be important in most geologic laboratory 
photography. Usually shutters are unnecessary, although for shorter exposures t han 
1 sec. a between-the-lcns shutter will be required. Focal-plane shut ters are unne<!es- 
sary and unwise because of vibration. A lens shade is a valuable accessory. 

Camera supports should be of generous proportions and good design. A soli<l-leg 
wooden ti’ipod with revolving and tilting head is the best general support commorfually 
available for megascopic work; its size shoidd be adequate for the camera employ<'d. 
Provision against slippage of the tripod feet should be made, such as soft rubber t ips 
or a light chain loop placed around the; feet. When makeshift supports are employed 
occasionally for megascopic work, it is imperative that the assembly of (;am(;ra, and 
support be solid and vibration la; eliminated. Positive connection of parts by stuxnvs, 
tliumb nuts, or C clamps is necessary, and the insertion of a vilu’ation trap, IxmeaMi 
the camera, consisting of sponge rubber mat or four tennis balls, will improve long- 
exposure negatives. 

Object supports arc a great convenience in megascopic work and fre(}iu;utly arc; 
necessities. Small-and medium-sized specimens are supported ad('quat(‘ly by a picaa; 
of plasticene modeling clay (;ovcred with wax paper to prot(;<;t t-lu; back of t lu; six'ci- 
mon; large rocks may be held for photographing by blocking up with wotxl or lead 
blocks. Control of background is Ix'.st gained by employing a deep box of suflauent 
size, lined with black flannel or velvet. Tlie specimen shmdd be supportc'd in tin; 
plane of the open top on glass or a stiff pillar from the l)Ox bottom; for whit,<; back¬ 
grounds a glass-topped box, cover(;d with smooth tracing eloth (or ground glass) and 
lighted evenly from inside, is used to support the specimen. 

Illumination is best provided by strong—500 watt or more—prefocuscxl-type; 
incandescent lamps, mounted in parabolic reflectors and held by metal floor staiuls 
whose arms permit thive-way adjustment. At least three units, consisting of lamps, 
reflector, and floor stn,nd, slionld be; provided. Heavy ring statids may he suhstitulod 
for floor stands in table-top M'ork. l^hotoflood bulbs are less satisfacdory, although 
<;licaper, for permanent cciuipiiuuit, hociause of their short life and rapid change in 
the quantity and spectrum of their (unissions. 

The microscope and ac(‘.(^ssoI■ies employ(;d in tlun-s(;ctioii t(;(*.hnLfiue should 1 k> the 
best quality petrogra,i)hic inicirosc.ope obtainable;. Fsp(;(;ial att(;ntion sliould he givtai 
the objectives us(;d for X)lu)tographic work; th(;y should he; apochromatic if possihU'. 
Accessories in keeping with the microscope; need no furthe;r ce)ininent, eixe;eq)t feu- t he; 
camera itself. For any small a.ine)uiit. of we.>rk a te;inporary se;t up e>f view e;aine;ra nuiy 
prove satisfactory. A lighttight Hlee;ve around the ocular tube;, c.onve;iut;ne*t; in 
focusing and changing plates, and abse>hito rigielity arc essential. For any e;onsid<;r- 
able amount of thin-soction photograj^hy it is advisable to purchase a staueiard 
photoni icrographic camera. 
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Thi'ti-iiccfion rachnique .—Photography of rock and mineral material in thin section 
may he doin' with either vinpolaiized incident or reflected light, or with polarized 
light hetw<'(‘n (Tossed Nicol prisms or polaroid plates. When using thin sections with 
unpolarizi'd light, the photographic pr^ilem is to secure correct definition and ade- 
(]uat(' {a)ntrast of grain boundaries and microscopic structure. Definition is obtained 
l)y routine^ Iodising of an adequately equipped microscope and in extreme cases by 
('uililoying monochromatic light and suitable filters; contrast is obtained largely by 
ail ('ring t lu' illuminat ion intensity and angle of incidence until the desired results show 
on tin* locusing panel. Many workers prefer a clear-glass focusing panel to ground 
glass, h('('aus(' t lu^ (‘ritical focus point is sharper. The practice of cementing a thin 
coA'er glass on a ground-glass plate to secure a clear spot is not recommended because 
(In' focal ])lam' is shifli'd thereby. 

I’liotoinicrograjihs mach' through crossed Nicol prisms should be exposed on 
l)anchroinn(ic phili's to gain ((ornxh. color rendering. Here apochrornatic objectives 
and oculars ari' (h'sirahh' for ( he best work since they bi'ing nearly all wavckmgths into 
focus on a single plaiu'. More light is recjuired when working with crossed Nicols, 
although th(' usual laboratory mici'oscope lamp will generally prove strong enough. 
\'('ry dense, (h'cply colon'd s('<vtions may require a stronger source such as a laboratory 
arc. illuminator. 

/iV 'rcc/iriiquc.- Wlx'n photographing geologic specimens, other than 
thin sections, more or I('ss surfa(‘(' r<'li('f is i)rcw{mt and must b(^ photographed sharply. 
'This in\'o!\'cs maslcr\* of two (h'tails; sc'curing (U'jitli of focus, and control of lighting, 
h'or mcgasco])ic negativt's suflicii'ut depth of focus is usually attained with a small 
dia[)liragm opening. With small r('li(d' objects, whetluu' photographed through a 
compound microscope'or through tlu' Micro-T(>Ksar or Micro-Summar lens in a vmw- 
typ<' camera, I he securing of sutiicii'iit (hqit h of IVxnis is oft(ai the most serious problem. 
'I’ho two ajiiu'oaclics ar<‘ through stopping down the olijcx'tivo and guarding against 
vibration during fix' l(*ngt hcix'd ('xi)osur(' aixl, si'condly, employing lonsos with as 
slxirt a focal h'ugtli as possildi'. Wlu'n tlx' n'sulting imga,tive is of the v(vry highest 
(pialilv . it is possible to obtain soim^ additional magnification by ordinary darkroom 
enlargement u itlioul loss of delinition, this nuddiod, however, is not a substitute lor 
leii.--. (pialitv and skill in making tlx' original n('ga.tive. 

Illumination of r(‘licf objects evolvivs into a. trial-aixl-error tcchni(]ue (miploying 
the few comparatively simple d(*vic('H nx'iitioix'd above, i.r., sliadow contra.st, is 
sceui<'d by low-angle illumination and df'tail in shadows liy a, sonxnvhat wcn.k('r liigh- 
aiigh' light. Methodical cKpi'rimcids Ii'ading to a siiUxla.rdiz(Hl t('chnique for a. giv(Mi 
lalx »ia 1 1 >r \ is the best solution of t Ix'I ighi ing jiroblimi. Among speda.l devi(!es which 
\% ill lie useful at tinx's a^^ the I inx'-l cst cd ammonium chloride (mating lilown on. fossils 
when a matte \\!u((' surfaci' will show (h'lail l)('tl.<>r; the ingenious us(^ of water for 
**|)ainting" oullnx's ol <ibs(’ur(‘ (h'tails such as loolprinls aixl pla.nt imj)r(\ssi()us, a.nd 
1 Ix' elolli or I issiu' ()a[)<T “ l<‘nl ’’scjiaral ing flu^ light sounxis from tlx^ caiuern. hms a.nd 
(diject u Ill'll it i.s nci'ossarv to lu-cvi'ul iioinl. refh'ctions from crystal fa.ces or highly 
pidislx'd siirfm-cs info llx' camera, rolaroid scrccms arc valuable for tlxi hitter pur- 

(',</>>>■ '/'< c/mb/m'. Nafural-color (iholographs in the g('ologic laboratory ar(^ 

\;duable chiefly for recording di'tails of minerals and j)('|.rogra,idiic tliin sections 
l.elwcen ciais.scd Nicol prisms. Tlx- indoor b'chnifiue re.s('mbl(\s tliat of fxdd color 
phot Ograpli \ . except b ir f lx* use of art ilieial light atxl a.ccompa,nying filt(TS, and follows 
siandani iixloor eolor proecdiin'. MxcepI for lantern-slide illustrations for mineralogy 
ami pel rography, <'olor photography does not appear to be praetical or nec(\ssary tor 
iixhior geologic plx )t ograj>hy. 
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SPECTROSCOPIC PHOTOGRAPHY 

By G. R. HARRisoisr 

The Spectrograph.—Any device for separating a beam of light into its (unnponont 
wavelengths or colors is called a “spectroscope,” and any spectroscopes whiesh is pro¬ 
vided with a camera for photographing the spectrum which it prodiuu's is cn.lh'd a 
“spectrograph.” The light to be analyzed is sent into the spectrograph througli a 
slit, and a suitable optical system produces an image of this slit for ea.(“h waAU'hmgth 
present in the light beam. These slit images are called “spectrum lines,” arid tnk<*n 
together they form a “line spectrum,” while a plate or film on which tiu'y ha ve been 
jahotographed is called a “spectrogram.” Light from certain sources like t lu' incan- 



i' n.. 1 . C -oiMpo n(>ii,t part H of .sp<'(a r<>fj;raph , <■<insist i mk c > I sli t. jS, (to ik h* iisi i i h 1(‘iis ( ', (1 is| x't'si nm 

jirism JJ, caiiKtra huia 74', and ph<)t.oKrai)hi(t plat.c 7'. 

des(t('iit lainji contain wa.v(ts wliosrt lengtlis vary continuously o\’(‘r a widi* rang)', 
and the rctsulting slit images merge togcthc'r, lorming a. (tonlinuous spc'clruni. 

The usual component parts of a spectrograph (Kig. 1) arc the slit, ,S', a collimating 
lens C or mirror to make paralU'I tlic rays of light fi-om tlic slit, a, dispersing ('hMm'nl l> 
wlii<th may he a prism or a diffraction grating, and a special tyiio of camera. d'his 
(tanicra usually (tontnins one or more lenses li which, though umtorrccl <><1 for chromatic 
aberration, have Ixu'n specially figured for sharpness of focus a.nd flat iK'ss of li<>l<l and 
whi<;h arc set to foetus on the plate P the pa.ra.ll(il Imndles of light, which conu' from t he 
dispersing element. The position of a spectrum line on tlu' sp('ct rogram givc'S a 
measure of t.lio wavelength of the light producing it, while the detusity of (h<‘ image of 
the line, when measured under eontrolh'd conditions, can be used to det('rmine tin* 
intensity of the light which produced it. 

Choice of Spectrograph. Tu select,ing a spcet.rograph, tint important projx'rt i('s to 
he considered arc the range of wavelengths over which it ea.n Ix^ us(><l, its dispersion, 
its resolving power, and its speed, a,s dotennined liy the brightness of th<‘ spectrum 
which it produces. Secondary (diaracteristies, siuili as the variation of dispersion 
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witli wavelength, the amount of scattered light, and the sizes and shapes of the spec¬ 
trum lines produced, are sometimes of importance. 

In choosing a spectrograph for any problem one should first determine whether a 
prism or a grating instnimont will be most suitable. The advantages of prism 
insti'unients are their high light-gathering power (whi<'!h results in grc^ater iiil.ensity of 
the spectrum and hence in shorter exposures when it is to be jjiiotographed), their 
ruggedness and i>erma.nence, and the fact that they can la^adily be made to give 
stigmatic si>(M;tra.. They suff(u* from the disadvantage that Iheir dispersion c.hanges 
marke:dly with wavelength (althougli much less with frecju(uu\v), and they can, of 
<-ourse, be us<h1 only in rt'gions of t he sjaMdrum to whidi tlieir optical parts are trans¬ 
parent. Tlieir funda.numtal disj[)ei-sion and resolving power are usually smaller than 
t hose which can readily be obtaiiuid with diffraction gratings. Prisms are very widely 
used in portabhi instruments, for studying comparatively simple spectra, and for any 
I)urpos(i for wliich r('la( iv<'ly gre^at light-gath(U’ing power is n^quired. 

Tlu* diffra.(d.ion grating is (M)ming more widc^ly into use (^ven wliere only low resolv¬ 
ing power and (iisp('rsion arc lUMMlc'd, and situar it is unrivaled for obtaining high vjdxics 
of these quant iti('s, it scauns dc'st iiu>d to play a much largcvr part in the development of 
sp(;etros(!Opy in the? future tlian it has in the past. It can be us(;d in sucli a way as to 
products a.u almost normal sp<'<'trum, iti which the disp<u'Hion is nearly uniform over the 
huigtli of a, sp<‘etrum plat(', and it r<'<iuires a minimum of adjustnumt. 

A furtlu'r advantage of tlu* grating is that it (am 1)(( us(ul in the ivfltieting concave 
form (pag<^ 81,‘V) without a.n,\' transpaiHuit opthail i)a,rts; ((onscHiiumtly a single iustru- 
numt can h(( us(‘(l ovc'r tlu' ent in^ photographic; ra.ng(‘.. (had ing sjxMh rosciopcas (‘.an 1)0 
ohtnimal having a. n'solving powc'r as high as 400,000 and wit li dispc'rsions of as imic.h 
as O.l A. {XU- mm. Their chief disa,<l\uuitag<‘ is that most grat ings t hrow the light not 
into one s{x‘ctrum but iido sevc'ral, and since.' usually oiOn- (“Wn; of theese is wanted at a 
time, much of (he ligid may lx* wasted. 

A'/xr/rc// Rinujr. Sjx'ct rum {)h()(<»grai)hy in tlx' infrared is eominonly limited to 
(lie range' 12,000 to 7”)0() in the visilile' it cove'rs the ('id ire' range' 7500 to 4000 A., 
and in (he ult raviole't it gex'S from lOOO to 1000 A., although t.Iu'se limits a.re somewhat 
arbitrary. 

Prisms ha\'(' limite'd I raMsiiare'ticy, and sf've'ral must he jiroviele^d f.o cove'i- tlie 
dilfe're'td range's. Mint glass, ((uartz, and rex‘k-sal( jirisms are most, fre'eiiu'ntly used 
I'or the' infra re'd, glas.s {irisms of X’.'irious sorts for (he visible', and (|ua.rlz or roc.k-sa.l t. 
jirisms for the' ult l•a\•i(>I('l down to 2000 A. Be'low ( his vva.\-el('ng(.h only ihiorit.c or 
lithium fluoride' optical jiarts can Ix' use'd. Muorite' is (ra.nspa re'id to ahout. 1250 A., 
while lithium fluoride' which will transmit to 1050 A. (‘an oceasioiially be [iroduce'd. 
No suitable material lias yet be'i'ii fexiiid which is (ranspare'id to sliorte'i- \va.\'('l<'ng(.Ii.s 
and only the (•(mca\e' grating s()('c( rogra ph can Ix' use'd in (Ids re'gion. For wa.v(‘- 
Icngt lis short cr t lian ahoni 2000 all light {lat lis must. Ix'in vacuum (('xcei>t. t.ha.t dry 
nitrogen, li.Nelroge'ii, and lie'liuni can Ix' use'd in parts of (Ix'se' re'gioiis) since (.he a.ir 
lie'gins to absorb at this \va\'('l('ng( li. 

'rii(' most common |)mc( ice' is to use' glass opt ical parl s in [irisiii inst riime'ids 
(le'sigiK'd for (lie \dsil)lc and phot ogra[>ldc infra.re'd and crystal epia r( z opt ica I {in.rts lor 
those' photographing (liat part of the' ullravioh't to which a.ir is t ra nsiia.re'id.. 

J)is/>rrsi(>ri. 'Plic dis[)('rsioii of a s{x‘ct rograjili can Ix' me'a.siire'd as angular or a.s 
linear d isf lersie in. 'I'hc a ngular dispersion dt) ( he' change' in angle' wit li wa.ve'lengt h 
of (he* light, ('merging froiii (he {irisin, is fimdanK'nla 1 and de'ix'uels on the (lisj)crsing 
('leme'nt. The* liiu'ar elisjx'rsion is of more jiractical inte're'st, as it. give's the a.<vtua.l 
scfia ra (ion of (wo e-lose* lines on a H|)('ct rograni. In coninioii jirae'lice the sjx'edral 
range* covered hy I nun. of jilate* is use'd to iiu'.'i.sure t he* elispe'rsion; t hus 80 A. {xu- rum. 
is a low (lisiicrsion, while' 1 .\. (x'r mm. is a re'latively high value*. 'The liiu'ar dis- 
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persion obtained with a given angular dispersion can be varied by changing the focal 
length of the camera lens. It depends also on. the inclination of the focal cixrve to 
the optic axis of the camera. 

The dispersion of prism spectrographs is nonuniform, depending as it does on the 
variation of the refractive index of the prism material with wavelength, and may 
vary tenfold along one short spectrogram. Prisms deviate the short waves more than 
the longer, and the dispersion increases as the wavelength decreases. 

Resolving Potoer.-^The ability of a spectrograph to separate close-lying linos is 
measured by its resolving power. Resolving power P is defined as X/dX, cik being 
the wavelength difference between two lines which the instrument can just x'csolve 
at wavelength X. If unresolved, the two lines will appear as oi\e. 

Most spectrographs have theoretical resolving-power values lying betwexm 2000 
xind 200,000, the lower value being typical for a small prism instrument and the higher 
for a large diffraction grating. The theoretical limiting resolving power of a givcm 
spetd.rograph increases as the linear aperture of its camera lens is increased (if this is 
kc\i>t filled with light) and as the angular dispersion of its prism or grating is iiun-c^ased. 
Ry using good optical parts it is possible to approach the theoretical resolving powiir 
very closely. 

Dispersion and resolving power arc closely related hut are two distinct propxuties 
of a spe<d.rograph and should not he confused. Increased linear dispersioJi may 
separate the centers of two close spectrum liixes more widely, l)ut since, if uuiic(a)m- 
pa.ui<Ml by an increase in resolution or of angular dispersion, it residts merely in 
incr(‘a,s('(l magnificiation, the lines ar<^ no more clearly resolved than before. 

The. al)ility of a speeti*ogrfiph to resolve two close lines may he redmanl by its 
axxxilia,ry parts. When properly designed, a spectrograph will l)e providc^d with a, 
csiinera of such focal length that the resolving power \/d\ of the instrument will 
match, througli the linear disjjersion d\/dl, the resolving power X/dl of tlu^ ixlioto- 
gra.i)hie materials used to r(n‘.ord the spectrum, unless some otlicr considerat ion suc.h 
a.s si)(hm 1 intervenes. 

f^per.d. —Tlu^ offic.lcnc.y of a sp(Hd'.rograph I.s commonly'’ defined as its spex'd l.iincs 
tlic: parity of tlie spexd.rum it produexxs. Speed dopxnuls on the int.Ciiisit.y of i.h(' trans- 
ndtt.x'd light, which will in turn, dcpcuid on the fraxdion of incident intensity of ca.ch 
wa.vxfixmgth which ponetra.t(xs the instrument, and on the numerical apx'rt.urc of 1h(^ 
camera, hms. The tota,l light flu-v; which can ho ohta,ine<l from a.ny spcictrograph, 
a,ssunnng tha.t a, light source of the extent roupiired to fill tlio slit used is a,va,ihabl(', is 
limited hy the size of slit which can ho used with a givcm purity of spectrum. 'Phis 
nunins t hat the larger a si)ectrogra,j>h is made, if its pro])ortions a.rx’i kxxpt t he sa.uux, tlui 
more light flux (*a.n be sent through it. With a given spectrograph, shortxndng the 
foxxal Icngtli of the canxera lens will increase the light intensity, the spectrum liiu'S 
beixig corresi)ondingly r(><lu(md in sizx;. 

Most ])rism sp(ud,vogra.phs opxn-at.e a.f. minieriea.l a,i)ertures of from //12 to //24, 
whihx grating instrunumts may ha,ve apx'rtunw as low as f/7(). Mxposurxx t.iuu's 
re(|uired may ra,ng(; from a few s<^<a>nds to several hours, depending oti the spcanl of t ln^ 
inst rument and of the phot,ogra.])hi(i ma,t,ei-ials used and the intensity and eiu'.rgy dis¬ 
tribution of t,he source being photographed. 

7'ke aS'KL—S ince spectrum lines arc merely images of the slit, this slit is oiu; of t In^ 
most important parts of a sixectrograph. It should be carefully nuule and adjust,<sl, 
with its (slgcs kej)t (dea,n and smooth. The opening of the slit should bo variahUx in 
width, prx'ferably betwixen 1 and 0.002 nun. The slit jaws are usually dra,wn a.i)a.rt 
by a. calibrated screw axvting in opposition to a spring which tends to move th(‘ jaws 
toget her. A typical slit is shown in Fig. 2. 
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111 ortl( 5 r that the space between the jaws shall form a suitable line, it is necessary 
that their edges be accurately straight and that they be mounted with their edges 
truly parallel and with their front faces lying in the same plane. The jaws are usually 
beveled, and placed with the beveled side turned away from the entering beam, so that 
light reflected from them will not enter the spectrograph. 

Slits in which only one jaw is movable are cheaper than the symmetrically opening 
type but have the disadvantage that the center of the spectrum line produced with 
them moves when the slit width is changed. The best adjustable slits are made to 



Fio. 2.—Typical slit of spootrograph. 
The width of the slit may bo varied by the 
ktuirled knol) and .scale in the lower left- 
hand cornel' of this ilhistration. 


close at the ends only, so that their sharp jaws will not be marred by careless operaton 
of the screw. The jaws should be made of some hard and durable material, such as 
stainless steel, which can be ground to a 
sharp e<lg(^ and polished. 

Simple slits can bo made by coating a 
plate of quartz or otluu' transparent material 
with a thin opa.<iue coating of metal or lac¬ 
quer and by engraving lines of the desired 
widths in this. Slits of several widths can 
thus be provided, tlie proper one being set 
into the slit holder as needed. For certain 
purposes su<di slits are mon^ usefvd than the 
adjustable typ<s sinee a definite slit width 
can be rejiroduced more accurately than by 
setting a. screw in which backlash and zero 
position may cha,nge. 

Th(' slit, is usually mounted in a dmwtube 
in siu^h a way that it can Ix^ moviMi into or 
out. of the spec.troseopi^ for focusing pur- 
jioses, or rotated about a. horizontal a.xis so 
that it can be lirought. a,<‘.eura.t(ily iiarallel 
i.o the faces of tlu*. disiiersing ehanent. 

The slit should Ix^ jirovidixl with diaphragms by nietuis of whie.li its length or the parts 
of it Ix'ing us('d can be, va.ri(xl. 

With stigmatic sp(X'trogra.i)hs (scxi pa.ge 810) an almost elosixl slit ina.y 
cause horizontal stn^aks to aiiixair in l.he spixdI'uni, due to <lust. ])a.rt.i(‘les whii^h 
close tlie slit imtinay in spots. 8n<rh !i slit should be <^lea.ned by oixming it 
and carefully stroking its etlgcs in one direction with a freshly sluirixauxl stick of 
soft w<x)d. 

77m- (Utmcra.— ln spe.c.trographs, provision is ma.de for holding a. iihot.ographiii 
l)lat.<^ or film so that, the spix-trum is in focus throughout, all parts whiiili an^ simul¬ 
taneously reixinh'd. A erit.erion which distinguishes a. gixxl sp<M-t.r<)gra.{)h from a. ))<x>r 
OIK' is that, wliile both may givt; sharp lines in (‘.(U'tnin sp<x'.t,ra.l n'gious, it. will be 
round impossible to g<^t all parts of the spectrum into good bx'us a.t. onc.e in t.lu' jxxir 
iiist runu'nt. 

Th(^ pla,t(^ must. Ix^ Ix'iit to fit th(; focal <airve, a.nd it is di'sirabh^ to keej) this (uirva.- 
fur<' as small as possible. The [ilate or film is luild in a. phil.<'hol<l(*r which is piovidiul 
with ti'inplat.es i.o Ixmd it to the propin* curvatun^, t his phiteholdiw, in ixirt.alilc! instru- 
numts, being provided wit.h a dark sliile. The plat.ehohhu- is in turn (a'lrried in a 
mounting which usua.lly has provision for moving t.lu' platehohhu' vi'rt.ic.ally so that 
a. number of difh'rent. spectra ca,n be ph(>togra|>h<xl oii t la^ sanu^ pla,t(U 

(,)n a.c(x>unt of the rumuniform dispiu'sion of prism instruments, tliey are freijuontly 
providixl with wavelength scales, which can be imprcissed on the spec!trogra.m by 
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Kwiuging the engraved transparent scales up into position before the plate’ and niak- 
iug a brief exposure to a small incandescent lamp provided for the purpose in the 
specti'ograph. 

Prisms .—Dispersing prisms are almost always cut with 60° refracting angles. 
This angle is a compromise between smaller angles which give less dispersion and 
larger angles which require more material, produce a greater loss of light by reflection, 
and give a decreased aperture. 

A dispersing prism should bo used in such a way that the ray of mean wavelength 
passes through it at the angle of minimum deviation, this ray then passing through 
the prism parallel to its base. Under these conditions the effective free aperture 
of tlie prism is a maximum, and the light loss by reflection is a minimum. The 
resolving power of a prism is proportional to the difference in thickness between the 
prism base and its refracting edge. The exact calculation for the resolving power of a 
I)rism as used in a given spectroscope is exceedingly complex since it depends on many 
factors, including the method of illumination of the slit. 

A prism is usually shaped so that it will transmit a beam of circular (sross section 
falling on its front face at the proper angle for minimum deviation. This condition 
leads to a standard set of dimension ratios for any material, the length of a fa,ct^ being 
for most sul)stances roughly 1.6 times the height. For good definition the prism 
lu'ight should be at least three times as great as the maximum length of slit which 
is to be used with it, aixd preferably the ratio should bo even greater. Spectrum lituis 
prodiuKHl with prisms arc curved, and definition may bo lost when the prism slit-height 
rat io is t,oo small.. 

Prisms made of crystalline quartis show double refraction, and pnxhice (loul)l('!(l 
spectra even when c.ut with their optic axis parallel to the crystalline axis. Cornu 
showed how to ov<;rcom(i this defect by making a 60° prism of two 30° prisms in 
optical (‘.ontax^t, one of left-handed and the other of right-handed quartz, the second 
thus H<u'ving to otTset th(^ optical rotation produced by tlui first. Wluai a. refl('ction 
prism is ustxl, only one type of quartz is required, since the beam passers through it, 
both ways. 

GVa7fnf/«.“-DitTra,cti()n gratings consist essentially of a la.rge number (sonuMinu's 
as ina,ny as 180,000) of clos(^ (Mpiidista.nt slits, whi(rh are usually mad<^ by ruling line's 
wit h a, dia.mo!ul on a smooth surfa,(ui. The greater thei number of t lu^se^ slit s, tlu^ 
gr(^a.(.(U' tlui rt'solving i)(>wer of th<^ grating. Light which falls on a, grating is thrown 
int.o s('V(u-a,l ordtu-s of spectra, and tiu'! resolving i)o\v('r P of the grating is give'ii l)y 
the'! formula. P = nni, wluue n is tlic tota.l numheu- of lines on t he grating a.ml >n is t lu' 
ordetr being considenul. Th{M)r(d,i<ailly, resolving pow(\rs of 600,000 e.ati Ix^ rc^alizc'd 
in t he: higluu’ ordeu's of some gra,t ings which ha,vo Ixum pnxhuaxl, l)iit aeitually values of 
/’ greater t han 300,000 a,r(5 se^ldom found. 

Tlx’: a.ngular dispeu’sion of a, grat ing depends on the distance betwexui sucee'ssivei 
rulings (t he grating Hpa.cai d) and ca,n Ix^ (h'lived l)y differerpiating tlu' grat ing fonnnla 
m\ = <i (sin 0 ± sin i) wlx'n^ 0 is tlu*. angle: of (anergeuxx', i is the angle of incieU'nce, 
and ni is tlu^ onhvr. Tlu^ dispeu'sion can also he written d.(//dX = A/nm, wlx're .1 is t in* 
liiu'ar apert ures of the^ grating. 

8ma.ll gratings are; se)m(;t,imcs rulexl exn glass, suce;essivo line;s being ruh'd as e‘le>se'ly 
as fiOO pe;r inch for a very e'oarse; grating or 15,000 per ine-h for a fine; grating e;! high 
elisjxeu’sie)!!. Glass gratings earn ho \isod only in the visible ami infrareul re'gions te) 
which t he; glass is transpare;nt, a.ml re;qniro e'.oUimateu and camera lease's to make* tlx* 
light i)a.ra.ll(;l and re;roe‘us to it,. For large;r instruments and for the)se; suite'd te) all 
speM;trnm re'gie)ns, gratings are; (;ommouly ruled on highly polished i-eflecting surfae'es. 
e'ithe;r pla,ne or e;e)ne;avo. Gratings up to 7 in. in diameter have been successfully 
ruled with 20.000 and even 30,000 linos per inch. 
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a. j^ratinp; throws the light which falls on it into a number of orders 
in a loss of light in any one spectrvini, bxit this loss can be reduced 
j:)ing i he point of the ruling diamond so that more light will be thrown 
t he other. When very high resolving power is desired, a grating can 
ind in which most of the energy is thrown into the higher orders, and 
possible, to have most of the light in the orders on one side. In 
ing shows high intensity in one order in a given direction, all other 
liat siune direction will tend to be strong. Thus a grating which is 
rh intensity on one side in the second-order green (5500 A.) may be 
)right also for the infrared near 11,000 A. in the first order, though 
y pi’<‘vent this. 

i, grating, it should be tested for bidghtness in the various orders and 
lira' sliape, amount of scattered light, and intensity of ghost lines, 
linos produced by regularities in some irregularity of ruling of the 
xxl grat ing the intensity of a ghost line should be less than 0.1 per cent 
line corrt‘sponding to it. layman ghosts are very objectionable, but 
50 ha.V(‘ b<‘(‘n successfxilly eliminated in the better ruling engines, 
occur nc^ar tlu^ lines which produce them and hence can readily be 



il(‘ t hos<^ can xisually be k(‘pl. to less t.ha.n ’ iOoo t.be int tuisity of t.bc 
rating wliich has K.owlatid ghosts of .‘loo t.b<‘ pa.rent line may still 1>C! 
])tirposes. bynuin ghost s (m.n lx*: t,(\st.('d for by illnmina.t ing t he; gra,t,ing 
>llimatc‘«l light from a. slit,, behiiul whie:h is {xhuaxl a. powCirful mercury 
iking into t grat ing n<‘a.r tlux c*.cntra.l image or els(;wh(u*(x wluu*e no 
sbovihl Ix^ visibhn If eoloixxl lim^s are hchui, t.hoy may be Jjyimtn 
grilling should be carefully t,<\st,od photographically. 

>nl(l b<' kept, fn-c: from <lust, whi<di can In’; romovxxl by gently stroking 
<‘rs-luiir lirush. Wlnm dirty, gratings should 1 k^ (rhainctl liy light and 
in tlu' (lin-ction of th<i rulings with a piix'O of <doa,n cot ton moistened 
l(‘ohol an<l <lipp<xl in vm\v fin<‘ jircxdpitatod chalk or tin oxide. Oreat 
ak(*n not. to scratch ( Ik- gra t ing. A port ion of t h<i imruhHl surface 
<'(1 gmitly bi'fon^ tin* rulings arc l.omdx'd to make snr<i that, no gritty 
tin- cotton. h'ingm-print s shonhl not be jirodmx'd on the gra, ting face, 
er fuuK'S which tarnish t he surfa.(xi should h{‘ inircfully avoided. 

'The ih'viec of a,ut.ocol 1 inuit ion xh'vcloped by bit.t row is widely used 
ins or jiIjuu' grjit ings, wlum it is desired to ol>ta.in high linear dispesrsiou 
(•a.in<‘ra Imis of long focus. The prine.ipU^ of t he iiH't hod is illust rat ed in 
ivm-ging l)<‘ani from t lie slit, /S' is made parallel by t hc‘ ciollimator C and 
ersing Hyst<‘m />, whieh in tlu^ caise illustrated is half prism with a 
on its ha<‘.k faxa';. The light is reflee,ted fi-om this rxnrror, passes back 
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through the prism, and rctraverses the collimator, which behaves now as a camera 
lens and brings the spectrum to a focus on P. 

Two defects keep tlie Littrow niovuvting from displacung all otlu'r types of prism 
mounting to the extent that its simplicity and compactness woxikl lead one to expect. 
The proximity of slit and platcholdcr requires the introduction of a reflecting prism 
or other device to separate the incoming and outgoing beams, and the reflection and 
scattering of light from the front face of the collimator directly back to the photo¬ 
graphic plate may cause objectionable fogging which is hard to eliminate. This earn 
often be decreased either by tipping the lens slightly, which will introduce a (uu-tain 
amount of astigmatism but throws the reflected light above the plate, or by intro¬ 
ducing stops and diaphragms at strategic points. In any event the insid(> of th(^ 
(^ase surrounding a Littrow mount , should be thoroughly blackened and num<u-ous 
l)affles should be used to cut down stray light. 

To locate the cause of plate fogging, when this is found to occur with a Littrow 
mounting, the slit nray be widened to its fullest extent with a high-intensity incan¬ 
descent lamp placed in front of it. On looking at the collimator lens through the 
horizontal slot which admits light to the cassette, the location of any bright points of 
light should be noted, and these should be eliminated by some means which will eiit 
off as little as possible of the main beams of light. In order to carry out this operation 
.successfully, it is sometimes necessary to eliminate as much as one-fourth of th<^ huus 
aperture with diaphragms. In attacking stray light a polished reflecting snrfa.e.e 
which directs an unwanted beam of light into a dark pocket is often more sjit isfactory 
than a rough blackened surface which may scatter some of the radiation falling on it. 

In one widely uschI and excellent typo of Littrow irustrument having qua,rt.z or glass 
optical parts, the length of the case is over 7 ft., but as the optical systeu\ may be 
considered as having been folded toget her in the middle by vase of tlu^ autoeolliinat ion 
principle, the dispersion obtained is equivalent to that furnished by an instrunu'nt, 
twice as long. 

The prisnv and lens arc mounted on a carriage which moves along a slide, tlu'ir 
ivositions on this being dotormiiuMl by nieans of a. s<ail(^ and index. The prism can be 
rota,t<Hl to ilirow various regions of the spiudrum on a, 4- by 10-in. plate, winch is ludd 
in a cassettci-plateholder c.ombinution which in turn c:a.n be rotai-i'd to bring it. into 
coincidence with the focal cui vc! for any .sp(H*.tral region between 2000 and 8000 A. 

Plane-reflection gratings are alniost always moniited in tlie Littrow nninner. A 
grating so arranged has the a,dvantage over a concavt^ grating in the I^lagh^ mounting 
(page 813) of giving stigmatic iniagt^s, with a resulting inen^ase in brightiiess and 
r(',solution in the higher orders. A lens carefully eorna-tod for ehromatie. u.berni.t ion 
must be used in all orders except the first, however, for ot lierwiso tluj various ovau'- 
lapiiing orders will not bo brought to a focus on the .same curve. 

Htigrruitic and Aatigrnatic Spcctroffrapha .—A ca.m(wa Icms or mirror, unh^.ss (^spfMually 
designed, produces a true image of an objecd. only whcui image and obj(iet an^ clo.se to 
the optic axis. As the beam angle departs more and more from the optic, iixis, grc'alt'r 
ainounts of astigmatism are introduced, the rays Ixung brought to one liiu^ focus a.l. a. 
certain dista,nc(^ a,nd to a, second line foems perp<uulicular to the first at a, grea.t('r dis- 
tancti. In common typers of prism spectrographs the a,stigmati,sm c.an usually lx* 
neglected, as extremedy fine focus is jkxxUhI only in t.lui hori/ontal dinxdion to resolve 
elo.se spectrum lines and a fo<nis only one-tenth a.s sharp will .serve in tlui v(u4icnl 
direction. 

The spectrum lines produced by a concave grating as ordinarily u.sed arc astigma f ic 
images of the slit, each illurniiuitcxi point of this slit being imaged as a verticail liiu^ in 
the Rowland c.irckn No dec.rxiase in the purity of the spectrum results so long as th(‘ 
slit is accurately parallel to the rulings of the grating a,nd if neither tlui slit nor tlu^ 
astigmatic images are curved. Wit h most gratings a. slight line curvature d(xvs <‘xist., 
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and it, is a,dvi.sai)lc to keep tlie illuminated portion of the slit as short as 
lK>ssible when high resolving power is ri'quircd. However, since each 
astigmatic lin(' imagt^ has a central portion of uniform intensity whose 
brightness dcqicuids on the length of the illuminated slit, astigmatism may 
cause a s(U’ious decrease of intensity. Stigmatic spectrographs have the 
advantage that with them small riglit-angled prisms and Hartmann, 
diaiihragms can be used at the slit for introducing comparison spectra, 
rotating sect.or disks or step diaphragms can be used at the slit for 
photographic photometry, and Fal)ry-Perot or other interferometers can 
l)<>: (a-oss(Hl with tluun. Also, if the source is imaged on the slit, variations 
in intensity along ( he lines produced may give useful information as to the 
point,s of origin of the linens in the source. These considerations make 
esi)ec.ia.lty useful tlie stigmatic mounting of the concave grating, devised 
by Wadsworth a,nd i-calizied by Meggei’s and Burns. 

Astigmatism is occasionally useful, as with certain types of inten¬ 
sity measurements where uniform spectriim lines are desirable and for 
producing sp(‘ctrogra,ms whi(di are neat in appearance. Also it is possible 
in certain cascis to ut ilisic (he s(q)aration of the horizontal and vertical 
hxral curves to image slit and photometric device on a single plate 
simuK ji,n(M)usly. 

Commercial Spectrographs.—Most spectrographs manufactvured com- 
m(u-c;i!illy arc’i (vncloscxl, ])or(,able units, varying in leng(,li from 18 in. to 
8 ft. In (lu^ smaller inst runumts no adjustments of the j)rism or camera 
ar(^ lU'cc'ssiiry, siticie the entire transmitted siieetrum cui,n be obtained 
at, a. singh' sedting. hr larger instruments, where the whole spectrum 
cannot, he naan-ded at once on a plate of reasonable size, sotne provision 
nnist be made for turning th(' prism and changing the focal (lista.nce of 
(he l('ns<>s and (lu^ t ilt of (Ih^ wlum various la^gions of t.lui sixa-trum 

a.r<' to 1)(^ photograplnal. 

The greatest nuinlx'r of spectrographs of a,ny on<^ (yp<^ ma.mifa,c- 
tunal an' (hose which (a)ntain. (pin.rtz oi)t.ica.l ])a.rts. Thc:se can be 
oblaiiu'd in thn'(^ or more sta.nda.rd sizars, t lu^ sma.ll a,nd mcalium inodds 
Ix'ing of (ixed focu.s. 

The small (piarlz sjxadrograph usually <a)vc:rs the. range 8000 to 
I Sot) A., wit h a sp('ct.ruiii leugt.h of about 85 mm. This lyi)t^ finds its 
great,cst ust'fuliu'ss at, wa.ve-lengt,hs shorten- than 2500 A., wlxu-e its rela- 
(ivc'ly great light, (ransinissioa a,n<l high apert un^ Jiid in ra.j)id photog¬ 
raphy of a, dillienlt n'gion whe'rc! absorption a,nd hude of plate', se'iisit ivity 
e'oMspire' te) re*ehie*ei llui inte'iisity e)r (fee rexa)rele'el speM'trum. It ca,n be 
e)l)(aitie*el tit te'el with a (ra.nspaiemt wave'length seialc, a.nel a fhie>i'ese'e'nt 
se're'e'ii can be': use'd to nla,lve^ llu^ ultra.violed, speadrum visibhi anel thus 
to aiel in tbe^ pre'limina.ry fe)e'.using aeljustnie'nts. 

lbit.il re'e'e'nlly (be; me)st e;e)mme)nly use;el sj)e'e*.tre>gra.pb \va,s (he; ine'elium- 
size'el epiari.z instniine;nt,, ma.nufa.e‘t,ure'el by a nuiid)e;r of firms. Levn.ses 
of jibexit bOO-min. re)e'us and 50-mm. elian)e;t,e'r are; use'el, giving a, S|)e'(;( ruin 
Fre)tn 2100 to 8000 A. aboeit 2()0-mm. le)ng. The; [jrism, e)r the; Ce)rnu type, 
may be; a.be)ut -l-O-mni. high by ()5-mtn. le'iigt.h e)f fa,ce. A stanelarel 4- 
by 10-in. phe)(.e)gr!ii)hic, plate; is orelina,rily useel. This is the; hirgcst 
st anela rel size; e)f eiuart z inst nunent wbie;h will give the (;ntire id(,ra,vie)let 
re'gion in a,ir at, a, single; se't.t ing e)f the jirisni a.nel camera. 

I'he' me;elium-,siz('el instrume;nt e'a.n be; obtaineel witlv or without a 
( ra nspa.re;nt se'nh' e)f wave;le'ngt hs. The* variat iem of elispersie)!! wil.h wave;- 
h'ligt h is we'll illustrated l>y the se'.ale shown in Fig, 4. 



■Scale of wavelengths for prism-tj'pe spectroscope. The variation of dispersion with wavelength is indicated by nonuniformity of the 

scale calibration. 
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Typical spectrograms taken with the instrument depicted in Fig. 5 arc shown in 
Fig. 6. ■ The numerioa.l apcrtxire, //12, is sufficient to give short exposures with most, 
ordinary arc and spark sources, and the resolution, and dispersion in the ultraviolet arc 
a.mple for simple spectra, and for absorption spectrophotometry of solutions. 

In purchasing any fixed-fdcxis instriiment care should be taken to see that the 
manufacturer has provided sufficient rigidity to the adjustment of prism and lenses 
so that they will not readily get out of focus when once adjusted, and that the cassette 
and plateholder are constructed so they will not wai-p. Manufacturers should bo 
asked to submit sample spectrograms taken on the instrument to l)e purchased and are 
usually very willing to do so. 

Where higher dispersion is needed than the medium-sized quartz instrument will 
supply, recourse is usually had to the Littrow type of mounting (see page 810) in order 
to save space and improve rigidity. The large quartz Littrow is now the most widely 
used of all spectrographs, being especially suited to spectroscopic analysis of mat erials. 

Almost any quartz spectrograph can he obtained with glass optical jjarts whi(di will 
render it suitable for use in the visible i-ogion. While quartz is also transparent in 
this region, its dispersion is so low as to make quartz spectrographs almost valueless 



ri(i. 5.—Bausch and Lomb medium (luartz spectrograph. 


at wavelengths longiu- tlian about 5200 A., beyond which, also, the ordinary photo¬ 
graphic plate be(‘onu\s insensitive and siieeial jdates must l)e us(m1. 

Th<^ dtspe 'fsivc pn)p(ud.i<'s of ev'en heavy flint gla.ss a,re not so great as is di'.sirabh', 
and several ])risms are sonxdinn^s used in train to incnnise dispeu'sion a,ud i(\so]\ ing 
pow<u- iti the visible n^gion. In gen<u-al t.he eoiicave (liffra<d,ion gniting, with its uid- 
form di.qx'.rsion, us(d’ulness for a,II wavedengths, and simplic.it.y of adjustincmt, is to I)e 
])referred to prism sp(ad,rographs wluui high rcisolutlou and dispea-sion are important. 

While gi-ating speadrographs (am bo obtained from certain inanufacdainu-s, satis- 
fa,(d(^ry gratings an* so dilHeult to obtain tha.t the grat ing spe(d,rogra,i)h is not sta ndard. 
The groat uscifulness of t.he gra ting in the past ha,s come hirgely from its high disp(*rsi<)n 
and IV,solving pow(M-, and sineii gratings of G-in. apertun^ or over n.n‘ not unusual, 
whil(( j)rism,s of ov('r 2-in. ap<‘rtur<5 a,r(( raiv, grating spcctrogra,phs ordinarily have 
thrc'O or more tlnn's tlu^ focal huiglli of prism instruments. On a.(a‘ount of I h<*ii-siz(', 
larg(i grating instnunenis ordinarily an* a..ss(*nil)l(*d by t h(*ir us(*r and ()p(*ra.t(*d nneov- 
(U‘(*(l in a, dark<'n(*<l room, though standard comnH'rcial nxxh'ls in tlx* snia.ll<*r sizes an* 
app(‘a.ring on tlx^ inark<*t. 

Tabiuo I.— Mountino.s and Tmeiu ChiAUAin'ERisTies 


Rowlarull. Spo(‘tnun of uxiiforiu <ii.sf>ornion ; .sirnph* to (^han^>;e rfiR'ion 

Abney. . . Saiiio an Rowluiici, but .scnirec and tslit move whih^ tiiif*: and eiumMa ai(* BxcmI 

JOaj^le. Louk and narrow, relatively low astiKmut i.sni, rtunduhs hij^her oinlcn s 

Faschen. Broad wpecdral ooveraiLice with Hingile exponure 

WadHwcjrth. Stip;matie, and of hijxjh liji;ht-p:alherinjo; f)ower; b<hst for ino.st piirpoH<*H of applied 

Hpectroscopy 
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Concave Grating Mountings.—If a diffraction, 
grating be ruled on a concave spherical mirror, no 
collimator or camera lenses am required, for light 
.s(mt through a, slit placed anywhere on a circle 
wliosc^ (liniuo.t<!r ociuals the radiu.s of curvature of 
the mirror and passes through the mirror will he 
brought to fo(‘us on this circle as a spectrum. 
The f(><‘al enrve is known as the “ Rowland circle.” 
Kince so many po.ssible relative dispositions of slit, 
grating, anil camera are possible, numerous special 
mountings have been do.sigiu;d for special purposes. 

Table I gives the advantages of the standard 
mountiug.s for concave gratings. 

Small commercial concave-grating spectro¬ 
graphs, which are of necessity portable, ordinarily 
u.se the: Kaglci or in some cases the Rowland mount¬ 
ing. W'lu'ii one is faced with the necessity of 
choosing tlu^ most suital)le mounting for a large 
grating, the first consideration must be that of the 
si)acc ava ila hle. Where only a long narrow corridor 
or a small vertical shaft can bo used, the Eagle 
mount ing is useful. The cross section of its con¬ 
taining box i.s conditioned only by the length of 
spiM’trum which it is desired to photograph atone 
setting, ami by the haffies needed to cut down 
stray light. 

If a room of medium size (say 12 by 15 ft.) is 
a vailable, a 21-ft. grating in the Wadsworth mount¬ 
ing will i)rohably ho found more useful than a 
short i-r focus grating in any other mounting. This 
is hciuuisc t he grating of longer radius will cost no 
mori* than a short (t one for the .same area of rul¬ 
ing, and the advantages of a stigmatic mounting 
arc ol)laiu('d, while the grating can always he used 
at its full (lisjHU'sion in another mounting. 

The Pa.schen mounting is so mucli more flexible 
than olhcr.s that its us(‘ is advantageous in many 
ca.sc.s whiTc siiflicient .spa.ee is available. For a 
21-ft. grating th(‘ looni .should he at least 25 by 
1.5 ft:, for a ludf circli' or 30 by 25 It. for’a full 
n room to s(^rv<'. Jis a Hoiircu^ 

room, till! slit being mounted on a pier and let 
through th(‘ partition between the two rooms. 
Detaili'd directions for adjusting gratings in the 
Howland and Abney mount ings will l>e found in 
Knysi'r’s “Handbuch dor HpekI ro.skopie,” while 
till' original articlohy hlagle .shoidil lx; consulted in 
(•oriiHM't i()ii witih his inouiiiiug. 

Wh<‘n the camera of a grating .spectrograph 
has IxxMi plactal in aiiproximaicly t he proper posi¬ 
tion, it. is clamped in t he position of best locus by 
viewing tin; s[>c< truta lines proilueiul on a piece of 
white paper or a fluorescent screen when a broad 
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slit is used. In this way the focal curve can he located within 1 iu. or less cither 
way. An eyepiece can be used in the visiljlo region to approximate still inore idosely 
to the focal ciuwe, the slit being grea,tly narrowed for this purpose. The rennainder 
of the focusing process must be carried out photographically. 

A number of small bra,ckets are hung on the camei-a, eacli holding a small ])ieeo 
of photographic plate inclined at an angle of 46° to the vertical, the center of each 
plate lying in the focal plane of the camera, as in Fig. 7. Photographs are taken 
with these inclined plates distributc^d at intervals, and the spot of best focus is marked 

on each plate. The camera is tlien moved to 
the position corresponding to best foe,us and 
inclined test plates are taken again but at 
intermediate points. This process is re¬ 
peated until the whole of the camera is in 
satisfactory focus. 

Illumination of the Spectrograph.—Vari¬ 
ous methods are available for directing into 
the spectrograph the light to be studied, 
that most commonly used being on<^ in which 
an image of the source is focused on the slit 
hy moans of a doul)le-conv(^x hms. hiither 
one of the. two oonjugate foci of this lens can 
1)(^ \ised, the first giving a iliminisluMl n.ml 
tlu^ s(M‘ond iiii (mlargcHi image. Tlu' latter 
is generally to he preferred wlum t he sour(*.e 
is of small extent, provichul the juigular 
aperture of tlu; Urns is sutlie.ient to fill the 
collimator of the spectrograph with light umh'r thcs{^ (conditions. This is illustnitcid 
in Fig. 8, from which it will hcc sc.(cn tluit use of an ccxtra-large colhMcting hens Lj, is 
of no value if it more than fills the angula,r apertunc of t.luc spectrograph (‘ollimatior. 

In certain cases omc can pla,(‘(c t he source diivetly in front of tluc slit, in such a. way 
that, the spcMctrograpli is filksl with light. Ihuhu- siudi circmnstamucs, a.s in a. third 
method (I'hg. 9) in which a hens is j)la,c.ed dincc.t.ly in front ol' tine slit in sinch a, way as t.o 
throw an imago of tine sourc.cc on I,ho collimator hms, unh'ss the slit is narrow tlu‘ hms 
may not Ixc filled with (cohonait i'a(iiat.i(*n, a.n(l a. loss in n'solving j)ow('r may n'sult. 



Pin. 7. 
plate for 
focus. 


—Use of inclined i)h()t<)gr:ii)luc 
determining position of best 



Fui. S.- 


A, 


Diagram ilhistratiiiK illumination of spoctrogratfi). The light, source' .4, and I(m 
illuiniuat(e the slit /S', the collimaliug l(ms C, and the disixwsing elenumt, I). 


At a (eertain optimum slit width, given approximjitcly hy t he formula ll'/X = N.A., 
wheero IT is thee slit, width, X is (he wa.V(deng(.h of thee light eonsidciU'd, and N.A. is t.he 
nunueric.al apeerture of the collimator, the lime inteensity reacehees a maximum, (hough 
t.h<! intensity of (lu^ cont innous s])(“ct rnm (and,inm^s to increaise a.s the slit is widened. 
For this rea.son a narrow slit ma.y ludp t.o neducee cotdimious baokground relat iv(( (.o t he; 
lino spectrum. 

Tu eojisidering the ('ffic/amey of any method of si)ect,rogra,ph illumina,t.ion, it, 
should be k(‘pt in mind that so long as (he (ud.raiuu' slit and the collimator hms or ot.luu' 
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int('rn;il limiting aperture roniaiu constant in area and filled with light of each 
\va\('l<‘iigth considered, nothing done outside the speciti’ograph will increase the 
illumination which passes through it from a given woui'ce. With certain types of 
sourct; it may lx* difh(ruU, to fulfill these conditions, in which case auxiliary fociis- 
ing apparatus is (h^sirahlc. But the method, frequently suggested by the beghnier, 
ol using a <-olh'th ing lens of very short focus and high aperture, produces no increase 
in intensity. 

Certain manufacturers provide optical benches attached to their spectrographs to 
aid in aligimu'nt of light soun'cs. In lining up an optical bench or a source-lens coin- 
bination, t ht^ lens should first bo removed and the light from the iinaided source be 
allow(‘d to fall on t he: \vi<l<'iu*d spee.troscope slit. The cover of the spectroscope, if this 
lx* <‘n<t<>s(‘d, should t hen be removed and a white card held directly behind the colli¬ 
mator l(‘ns. Th(i source may be shifted until the small spot of light coming through 
tin* slit is e<*nt<’re<l in the collimator both horizontally and vertically. The collector 
l(‘nH shouUl tlu'u l»e phux'd in position to focus the source on the slit, if this type of 
illumination is desin'd, arul tlx* collimator should now be found filled with light when 
lh(* slit is narr()\v(*d to a.ny d(\sir<*d csxtcint. If the light beam falling on the collimator 
inon* than fills this, flu* (Collecting hens should be stoi^pod down or a lens of different 


r- 

1 .^ 

s 




focal h'ligf h should be used, siuec* ovc'rtilling t he collimator may giv(* rise to undesirable 
seat I ('('(‘(I light iasiih* I he sp<‘e( rogi'aph. 

'file colleeling feus should, n<*edless to say, ho transparent to the entire spectrum 
region f ransmil led by I la* ,sp(ecl,r<)gra.ph with which it is to bo used, but need not be of 
high (piality. Ordiiiary spla'rieal h'ns(*s of sp<e(e(,;uehe quality will usually sorv'c, though 
when the maximum iulen.sity at all wavueheiigtlis is tneceded it is desirable to use a lens 
fi'ce from (■hromati(e aberration. In using uiueorrcecetced C]|iart2: lenses, it should be 
lv(‘pt in miml (hat tlx' I'oea 1 h'ligtb for Hue ult.raviohet rays is nmeh shorter than that for 
( lu‘ N'i.'dble, so foeusiug should lx* dome with a fluor(es(e(eut scercecju or liy deliberately 
bringing tin* source closer to tlx* lens so as to throw t.ho visibUe l)(ea,m somewhat out of 


locus. 

A <*onc.*i\’c niirror (*?ui usimI irisld^iid <>1 it U'lus lor iocuisin^’ lie'll! on tlic slit^ tliough. 
usuuIIn' w it h SOUK' loss in iiilcuisity iind wiili di(Ii(Uilt.i('S diic^ (o iist-igmntisin substili-itcd. 
for t lios(‘ nrising froiu clin)iu;i1 ic nIxuTiition. Gbiss mirrors covonxi with a thin coating 
of nluiniinmi !inv(‘ high ivlifMhing powf'r throughout, the visible and idtraviolet regions. 

Adjustment and Focusing of Spectrographs.—Conmx'neial spi'ctrographs of fixed 
focus are usually .shipped with (h(*ir o|>ii<ea.l parts in adjust nuent, a,ud instruments with 
\ a rial >he .set t ing aree pro\’i(led eiI Ixer wit h (ealibra.t.(‘d eoiil rohs-or a t.able ot scale settings. 
Oeeasionally itu'charueal or opt ical leartsane movted in shipnxent and rcadjustmeiat may 


lx* neeossarv. j.- i 

Ar((‘r unpacking, the eov(>r of tlue instruiment should he removed and the optical 

surfaces of prisms ami lenses wiix*d (‘h'au with a .soft piece of (doth, or with Japanese 
rie(* jmix'r or (lx* h'lis pap('r .sold by optical maiml’actunu-.s. Tlx^ faces of difiraction 




816 


HANDBOOK OF PHOTOGRAPHY 


gratings should not bo cleaned with a cloth unless glass enclosed, bnt they should bo 
carefully stroked, parallel to the rulings, with a very soft camel’s-hair brush. The slit, 
shoiild be cleaned with a freshly sharpened stick of soft wood and should bo set a,t a 
moderately narrow adjustment; its i>arallelism to the vertical edge of the prism or 
grating should bo checked. 

A test photograph should be taken using a mercury or iron arc, or sottre other source 
having a profusion of fine lines. If satisfactory spectrograms are obtained, the lines 
being sharp and straight, in good focus, and the spectrogram ch'an and free fi'oni 
fogging and scattered light, no further adjustment is necessary. 

When a spectrograph does not function satisfactorily the following proceclure will 
be found useful. After the slit has been checked for parallelism to the dispersing Cidge, 
it is widened to perhaps 0.6 mm. Light from a high-power mercury arc is sent through 
it, and with dispersing element and camera lens removed, the ,slit-('ollimntor distance 
is adjusted until light of the wavelengths in a median spectral region is made into a, 
parallel beam as shown by focusing on a distant screen or wall. The i^risni is then 
replaced and turned until the beam containing the same cel^tral wavelength is found 
to be bent least, as shown by the fact that its diffuse image caught on a white card 
(or fluorescent screen for the rdtraviolet) moves first in one direction and then buck as 
the prism is rotated continuously forward. After this position of mininiuin <leviat ion 
for the ccmtral wavelength has Ix^en found, the prism is moved sideway.s, if ne<uissary, 
so that the collimated beam is ceirtered on it, and is clamped in j)o.sition. The c-arnora. 
Ions is then adjusted in the beam so that it is filled with light of all (.h^sin-d \va.v(‘I(mgths, 
and the camera-plate distance and plate tilt are adjusted lo bring the .spc'ctrum into 
good focus on a viewing screen lu>ld in the iDlatcholder. 

The final focnising adjustment can l)cst be carried out photographically. Once 
prism and camera lei\s are set, it may 1x5 found most conve^niemt to make' lin(5 a<ljusf- 
inents by slightly altering the slit-collimator distanc(5 and the plate tilt. Using a 
narrow slit, a series of photograplis is takc5n moving the collimator (or slit) by ' 2 -*nni. 
steps, and tlie position of best fo<5US is iTiarked by dots for a. mimlx^r of unifoi'mly 
spaced lines. When these dots are in a horizontal line, the collimator huis ncxxl 
juerely 1)0 set in the position indicated as best; when th(5 liiu5 they form is straight but 
inclin<5d, the platxdioldor angle must be cha.ng(!d. Wln-n they on a. curvtxl lim* 
tlic plate c.urvaturc imist also 1x5 cha.ng(5d to com])(5nsate, though ma.nufa(5tur(5rs 
xisually provide lH)lders of the projx5r c.urvat.ui’o for 1 b(dr instrinnents, of course, and a 
setting of t.ho k5nses and prisms (^a.n ofUm 1x5 found aff (5r a, mmilxu’of (combina t ions ha ve 
been tried, whicdi will su^ the curvature furnislx'd. Tlxc iiudined-plate t(5chni(iu<' 
de,scribed on page 814 for focusing large gratings cn.n often be used to a<l\m.ntag<5 
with smalhcr spcccitrograplis also. 

Comparison Spectra. —h^or many jiurposes it is d(5sirablo to impress several sp('( 5 tra 
on a plate wit,bout moving that j)la,te, for ovt'n if the plat('hold(5r moves in earefully 
nuulo vertical wuiys, some m<5asurabk5 lateral displacement is sxii-e to r(5sidt. With 
stigmatic instrunuints a 46° i-(5fl('etiug eonipjirison prism can he mov(5(l into ])osilion 
over a portion of the ,slit aiul ustid to thi’ow in a, Ixaim of light from a st'oond sourexa 
Or a Hurtiminn diaphragm (5a.n 1x5 uscxl t.o (50v(5r [)arts of the slit during otu' e.xposun' 
and to uncover tli(5S(5 pa,rts for otlxu-s. Tliis typ(5 of diaphragm, illustrated in Fig. 10 
tog(5ther with asta.rulard fishtail diaphragm uscxl for varying 11x5 slit, lengt.h, is <k5sigtu5d 
to be slipp(5d into place over (he si)(5et,rogra,i5h slit in the ways usually found providcxl 
for this purpose. 

With astigmatic instruments it, is uecessa.ry (dlher to use som(5 typ(5 of din.|)hra.gm 
at the position of tlie (>xterna.l v(5i'(.ical focus or to ])lnc(! (x^culting diaphragms in frotd. 
of the plate. Tliese should 1x5 as close tx) tlu; phi.l(5 iis convcuiicmt, to provide sharp 
boundaries between (sont.iguous spectra,. 
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Wlu'n (liapliragnis are used at or before the slit, one should remember that the 
1<)\V(U’ i)art ol a spiuitruin line cori'esponds to the upper part of the slit and vice versa, 
siivee a si)CM‘trograph produces inverted real images of its slit. 

Identification of Spectrum Lines.—A spectrum line is best identified by its wave- 
h*nglh, which can Ix' tlcduced from its position in the spectrum and under proper 
conditions can be (hdennined to one part in several million. Most wavelength deter¬ 
minations a r(‘ nnldc photographically and involve first the determination of the relation 
h('t waa'n the wavelengths X of known linos and the distances Z of these lines from some 
fixi'd point on tla^ plat('. This relation, when plotted graphically, gives the dispersion 
curvx' of t lu' pla ten, wlu(di is seddom a straight line. The dispersion curve can be plotted 
graphically or dctcrmiiuHl mathematically without plotting, and from it the wave- 
hmgt hs of unknown liiu's can he deduced l)y interpolation of their observed positions. 

WnA^=<'l(mgt hs can l)e detenuined from theoretical dispersion formulas, but so many 
<'a.sily ident ifiahl<‘ lim^s have now been precisely measured that these formulas are 
Sf'hlom us<'<l (>xc('j)t in sixadal cases. 

Standards of Wavelength.—'Phe international angstrom unit is defined as a length 
(‘(|nal to the wa.v(‘lenglh of a certain red line in the cadmium spectrum divided by 
(JUiS. hhKi. In other words, this red line, the so-called “primary standard” of wave- 


A 



Section throughA 

Ptu. 10. I )i!ii>hr!U!:iM.s for Hhorfening (lie Icmgf.hs of spectrum lines in milking wavelength 

(let crmiuiit ions. 

h'ligl h. Inis 1 1 _\' deli 11 iI ion t In' Icngt li (»i3S.-l()9() A. A numher of “secondary standards ” 
h:i\ c hoi'ti iiK'iisun'd in ((‘rnisor t his line h^s' uu'anM ol iniericromctoi’S. Wavelengths 
of th(' secondary slam!:: ids ari' given in the Tran.saction.n of the JrUcrriational Astro- 
Noinirnl Cnien, 3, SC) (H)”S); and IntiMmationa,! ('ritieal Tables, Vol. 5, p. 275. 

'The sl'condaI’y slamliirds ;irc sonu'what. far :i,part in the spectrum ior conveuieut 
use, ami lo lill llu' gaps Ix'lwi'cn them, “tertiary shuulards” have been carefully 
mciisurcd hy means of gr.-il logs iiml ini ('rh'ronu'tc'rs. These “working standards” 
of wavchmgih, as !ulo|)lc(l by tlm 1 nternatiomd Astronomical Unioiv, are given m the 

I III crnii 1 iona 1 (h'ilic.’il 'Pahh's, \ol. 5, p. 27o. 

Wavelength Tables. l''or rontim^ speet rographie work sufliciently precise wavo- 
longl h vahu's can lie obtained from (he “ Ilandhm'h dcr Spectroskopie,” by H. Kayser, 
;in cney<-lopc<lic, work of eight volumes in (lerimui which lists more than 120,000 
lines. ■ Mon- convcni<-nl is (he shorh-r lisl of “Tahclle dcr Ilauptlinion dcr Elemente,” 
hv Kaysi-r, which gives wavclonglhs for iipproximatcly 19,Q00 ol the more important 
spectral lines of th<- elements, ami tlu^ M.l.T. Wiivelength tables whicdi list wavc- 
lenglhs and intensities for llie 110,000 most important lines between 10,000 and 
‘>000 \ \Vav(«lciigtlis (h-termined tx-fore 1911 arc usually on the old Rowland 

scale which has Ix-en supc-rsedi-d hy the International Serde, and require corrections 
\'arying jx-lwc-en 0.1‘2 A. at ‘2950 A, iind 0.28 A. at 7700 A. i, i 

Wavelength Determinations. W'h('n an unknown spectrum is photographed, 
provision shouhl he imide to pholograiih a known spectrum and a spectrum contammg 
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Standard lines on the same plate, care being taken to allow no sideways displacement 
of the plate between exposures. Even the racking of a plate from one position to 
another will involve some sidewise displacement, and the two spectra should be taken 
with no intervening motion of the plate when precision is required. Diaphragms may 
be inserted to shorten the lengths of some of the lines, as in Fig. 10, so that lines of the 
two spectra can be separated readily. 

The positions of the lines are usually determined with a wavelength comparator, 
which consists of a carriage to which the plate can be (damped, an observing micros(iope 
provided with a cx'oss hair, and a precision screw which moves the plate (or less con¬ 
veniently, the microscope itself). Comparators can seldom be read more precisely 
than to + 0.001 mm., which is sufficient for most spectrograms. Care should he taken 
to avoid undue magnification in the comparator eyepiece, as unless the spectrum 



'Flu. 11.—Identification of unknown s{>octrum wavelength by moans of known spe<^trunx. 


linos arc extrenuvly sharp, they can l)e s(^t must acaniralely on iiu^ cross ha-ir wlnm 
magnifications of from 5 to 15 dianufi-ers a,re used. In sonic comparators 1h(‘ spiud rum 
is projcurtcxl on a scrccni for incasiircmunit. 

For routine ideatifica/( ion of lin(\s pr<a!ision to 0.01 mm. ofiem su(Ii<*(‘s, in whitdi 
casc^ a sirnplci plate magnifier \vi(h cngra,V(Hl scales will serve. Th(\s(^ (am h(^ ohlaiiuHl 
with s(ailes 20 min. long, engraved wit-h O.l-nun. divisions wliicdi ca.n he (%st iina ltal to 
0.01 nnn. 

Knowing llu^ \vaiv(*l(Migili of aipy one linc^, the disianee to aai unknown lim^ <*a.n he 
measured wut h tlu^ (\V(‘{)i(Ha) or e,oin))a,rator. Multiplying this distaiua) jiy t he ap()roxi“ 
mate dispersion of t he phite at"( tluit point giv(as the wa.vehmgth of the unknown liiun 
For exaanple, in Fig. 11 line A was ideiit/ifiiHl as 3542.079 of iron. Tlu^ (lista.nc.(^ to 
line B wa^s nnaasunul as 0.972 min. Th(> dispeu'sion tadwxHm lim^s A and C was 
3542.079 - 3521.204 (20.815A.), divided by 14.820 uim. or 1.403 A. pc^r mm. Multi¬ 
plying the distunce^ AB by 1.403, we ohtnin 14.006 A. from A to B, which subtracted 
from 3542.079 A. for A gives 3528.073 A. for the wavelength of B. 
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This method is called “linear interpolation,’' and, while it always involves some 
error, this error can be made negligible by choosing known lines lying so close together 
that the dispersion of the spectrograph varies but slightly between them. 

Simplified Line Identification.—Most spectrum lines have been observed and 
measured many times, and many can be identified from their appearance or the pat¬ 
terns they form with other lines. Unknown lines can often, be identified by merely 
comparing them directly with spectra of known elements photographed on the same 
or a similar plate. It is often convenient with a newly acquired spectrograph to 
photograph the arc and spark spectra of a number of the more common elements 
which can be obtained comparatively pure, the resulting plates being marked and 
kept to aid in identifying unknow/i lines. These plates (am be laid directly over latcu' 
plates ta.ken with the same instrument, so that corresponding lines a,ppoar in juxta¬ 
position. Atlas<\s of spectral liiw'is <ai.n be used similaily, though kiss directly beca.us(i 
usually their dispersion sca.le is difTcn-ent. 

To aid in identifying wavelength positions approxima,t(dy, a simple wc'll-known 
spectrum such as that (^f menuiry or of copper may (M)nveni(mlly Ix^ iinpresscHl on 
each plate tak(vn. The iron spe(h-rum should then Ijc impressed on tlie phiie also, to 
giv(^ tnore pr(‘cis(i localions of (k'lsiiaHl lines. 

Light Sources for Emission Spectroscopy.—The sounie most c.ommouly used for 
l)roducing line spectra is the electric arc in air, i)referal>ly run on 220 volts <l.c. with a 



(aii'rcuf. of from 2 to 10 nanj). The cir(^uit us(m1 is shown in big. 12. A rh(a>s{.ai A* 
(!a,pal)h^ of carrying 10 amp., wliosc resislaiHU^ (am Ix^ variial from 20 |.() 120 oluns, is 
k('p(^ in seri(‘s witli the arc., togetluu’ willi an :iuun(‘tcr .1 and a, sl.abilixing nai.ctancc^ 
ma.(l(' by winding a knv hundnxl turns of wir(\ on a.n iron (x>re. A V()H.m(M.(M' V may Ix^ 
provided to naid the v()ltag(^ a,cross tlx^ arc t(XMninals, but this should not Ix'- eon- 
ucc.IcmI (‘xc(^J)t wlum Ixung nanl, as when tlu^ a,n^ gocss out a. high voltage may he built 
up acr()SH its Ic'nninals. Tlu^ seri(\s r(ia.(!ta.ixx> lulps kcx'p the; a,rc burning sttaidily, a.n(l 
use of 220 volts d.c. instca,d of 110 volts also giv(\s gnxiter Ht(xidiness. 

Th(^ arc ma,y b(^ hurneil lx^t\v(xni pure gra.phil.c: dciel rodes, tlx; low('r ekavti’ode being 
(ai{)p(',d (.() r(M'('iv(^ small sa.ini)l('H of (lie nia.(.eria.l whose spectrum lines are (o he st udied. 
Or (he ('hxitrodes tliernsdv'es may be formed from (lie mal.c'ruil to b(‘ studied. Midals, 
ashes, or liijuids uuiy he Ixinied in (he (xip, aud ev(Mi slags and glassi's ea,u he thus 
haaidled. When the material is a. |x)or eonduetor, it is (h'siraJih* to mix with it. some 
eondueting material sueli as a.mnumiuin sulphate, which emits lew sp<‘c(rum lines in 
t he visilile or ultraviolet regions, aud t.o moisten t he mass with pure dilute hydrochloric 
acid. 

Th(' cotKh'used ck'ctric spa.rk, connect ixl as shown in h"ig. 13, is usixl a.lmost. a.,s much, 
as t.he a.rc a.s a. sped.rum souriic. Most, of t he s|x‘ctniin liiu's whicli appear in t he are. 
also ajipcat^ in the spark, and in addit ion new lines, usually produced hy al.ouis Irorn 
which one or more electrons have heen nunoved, also ai>()ea.r. St rong fuzzy lines due 
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to air are frequently seen in spark spectrograms; these can usually be diminished in 
strength or eliminated entirely by inserting a coil of a few .dozen turns of wire, with 
iron core, as shown in Fig. 13. The number of turns should be adjusted so that the air 
lines are reduced as much as possible without too greatly reducing the intensities of the 
lines which are being studied. 

Advantages of the arc compared to the spark are that it is safer electrically, is more 
intense, is usually quieter, produces no air lines, and shows greater variation between 
lines so that they can be identified more readily by their appearance. Advantages 



Fig. 13.—Electrical circuit of spark light source for use in spectroscopy. 

of the spark are that it burns less material, needs less attention, brings out some lino.s 
not found in the arc, and produces fewer band lines. The cyanogen bands an': par¬ 
ticularly annoying in the violet and near ultraviolet regions when a graphite a.r<i is 
burned in air. Burning metallic material in the arc weakens these bands. Th<‘y 
produce a strong violet light in the arc, and by carefully watching it and refilling with 
material when this color appears, the intensity of the bands can be reduced. 

There is no royal rule as to when an arc is to be preferred to a spark, or vi<':(’: vewsn. 
Most spcctroscopists keep both available and use whichever is best for the problem 



in hand. Figure 14 shows spectrograms taken under identical circumstances of tin*, 
same material, A being a spark exposure, and B an arc exposure. 

High-frequency arcs, high-voltage arcs, vacuum arcs and sparks, elec! rodeh's.s 
discharges, and numerous other light sources are often found useful for speed r()s<*<)pi(r 
purposes and will be found described in the literature. 

Light Sources for Absorption Spectroscopy.—When tranHpa,rent licpiids or solids 
are studied by absorption spectrophotometry, new absorption bands can be located 
most readily if light producing a continuous spectrum is sent through the absorbing 
material. The most convenient source for this purpose between 10,000 and 4000 A. is 
a straight-filament incandescent lamp, while between 6000 and 2000 A. a high-voltage 
discharge through hydrogen gas in a quartz tube is useful. A high-tension spark 
discharge under distilled water between tungsten or aluminum electrodes, or elect.rod(\s 
of almost any other metal, gives a useful continuous background throughout the entire 
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spectrum, though this is usually crossed with occasional emission or absorption lines. 
A condensed spark in air between cadmium electrodes can be made to give a heavy 
continuous background in the ultraviolet region, though crossed with a number of 
emission lines. Exploded wires probably give the most intense continuous back¬ 
ground, but, compared to the other methods listed, these are difficult to control and 
inconvenient to use. 

When extinction coefficients are to be measured, especially in the ultraviolet 
region, a rich line spectrum can be used conveniently for background, since measure¬ 
ments must be made at known.wavelengths and these need not be continuously spread. 
A spark between tungsten-steel electrodes is commonly used for this purpose. 
Uranium electrodes are also useful—^in fact, any hard, metal with numerous lines in 
the ultraviolet will serve for this purpose. A spark source is commonly used with 
the Hilger Spekker Photometer and with rotating-sector disk photometers, which are 
commonly used for ultraviolet absorption spectrophotometry. 
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CHAPTER XXX 


RADIOGRAPHY 

By Robert C. Woods 

Introduction. —The shadow picture resulting when X rays pass through an object 
and fall upon a sensitive photographic film is known as a “radiograph." The process 
of taking such a picture is called “radiography," and the apparatus used is a “radio- 
graphic machine." While these terms are most commonly used, other's may bo 
correctly substituted, such as skiagraph for radiograph or roentgen ray for X ray. 

Radiography may be roughly divided into three classifications: (1) clinical, (2) 
industrial, and (3) diffraction. The purpose of clinical radiography is to study the 
outline of the human frame with all its surrounding tissues so as to locate accurately 
the site of possible disease, injury, or foreign body. Industrial radiography provitles a 
nondestructive test for studying the internal structure of industrial materials with 
the purpose of discovering subsurface defects. While diffraction methods arc not 
generally classed under radiography, a literal interpretation of the word “radiograph " 
requires the inclusion of diffraction patterns, since they are also shadowgraphs pro¬ 
duced by X rays. Diffraction pictures are used as a nrethod to disclose the cuystallinc, 
molecular, or atomic structui'e of almost any material and are invaluable in many wuiys 
to industry, medicine, and pure reseai'ch. 

Characteristics of X Rays. —The principal characteristics of X I'ays may be sum¬ 
marized as follows: X I'ays arc produced in special types of vacuum tvihcs by the impact 
of electrons on a target of hard metal, the rays being emitted in straight lines from 
the target where they originate. The number of rays produced is propoi'tional 
to the current passing through the tube, whereas their penetrating powc;!* chqnuuls upon 
the voltage at which the tube is operated. X rays are a form of olec.tromagnetic 
energy and travel with a velocity approaching 186,000 miles per second. X rays 
l>ehave sometimes as waves and sometimes as discrete i)articles, in common with other 
forms of electromagnetic radiations. The X-ray spectrum has a mean waveUmgth 
which depends upon the voltage at which this tube is operated. The rays are imuip- 
able of producing visual sensation unaided, but their presence may be indi(nit(Hl visu¬ 
ally through the use of fluorescent screens which emit visible light when ac.tinl upon 
by X rays. The i'ays are capable of penetrating substances which an^ opacpie to 
vi.sihle light but are attenuated more or less iii passing through solid materials, the 
amount of attenuation depending upon the thickness of the objetd, and its atomi<^ 
structure. 

X-ray Photography.- —It has been found that X rays have the very important 
property of producing a latent image on photographically s(msitiv<^ materials, 
and this property is made use of in radiography. It enables the X-ray worker to 
record on film facts about the internal condition of closed structures whicdi would 
normally be invisible. This effect depends on the fact that wherever X i'ays strike a 
gelatin emulsion of silver bromide, the silver salt is reduced to a lilack nu'tallic condi¬ 
tion. For all practical purposes this reduction is proportional to the intensity of the 
incident radiation. The photographic effect is also approximately inversidy propor¬ 
tional to the square of the distance between the target of the X-ray tube and the 
sensitive film. 
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X-ray film emulsion, while it follows the same principle as that of photographic 
film, is slightly different both as to chemical and physical characteristics, being more 
sensitive to X rays. Even so, less than 1 per cent of X-ray energy is absorbed by 
such an emulsion, and the remaining 99 per cent passes through without performing 
any useful work. To utilize some of the wasted 99 per cent energy, screens coated 
with some salt like calcium tungstate are placed in direct contact with the double- 
sensitized film surfaces. These screens, under X-ray bombardment, fluoresce, i.e,, 
absorb X rays and emit visible light. Thus the X-ray effect on film emulsion is 
increased many times by the addition of visible light from the screens. This not only 
reduces exposure time but makes practical the radiography of several thicknesses. 

The grain size of fluorescent coatings on screens is larger than that of film emulsions, 
and the’ result is some loss of fine detail in the finished radiograph. The best picture 
will be made without screens, but many times the use of screens is imperative, and so 
they may be classed as a necessary evil. 

X-ray Protection.—X rays have a deleterious effect on the human system and every 
possible precaution should be taken by the operator of an X-ray machine to avoid 
repeated personal exposure. Before engaging in X-ray work of any kind, it is essen¬ 
tial to make a thorough study of X-ray protection under all conditions which might 
arise. Those technicians who arc unequipped with electroscopes or other instru¬ 
ments for detecting stray radiation should carry out the dental film test while at their 
work. This consists in attaching a silver coin to the front of a dental packet loaded 
with photographic film and carrying it, coin outward, in the vest or watch pocket. If, 
after several days of X-ray work, the film is developed and shows an image of the coin, 
it indicates the operator is being exposed to X-rays and should immediately take steps 
to obtain Ixitter shielding. Too much emphasis cannot be laid on t.his phase of tlni 
work, for serious illness, and even death, can ensue from small X-ray doses constantly 
taken. 

X-ray Equipment.-—No attempt will be made to descril)e in detail the various 
possible electrical circuits whic.h are capable of producing .X rays. For this informa- 
t ion, reference may be made to any of several excellent books on tin* subject. At tlu’i 
sa,me tim(i, a brief mention of the fundamentals may not bo amiss. 

X rays Jire produced by the impa(;t of electrons on a ta.rg<d, of solid hard nietal, 
whiidi is usually tungsten. In modern practice, X rays ani produced in a vacuuiTi 
tub(! containing a luiatetl filament, and tlie anode or target. Th<i filament is h(!at(Kl to 
incandescence by means of a transformer operating from tin; llO-volt line a,nd supply¬ 


ing suitable fihunent voltages and (uirrent to the tulx^. When t,h(^ filament becomes 
ijicandoscent, the tluirmal energy is sufficient t,o libtirate a source! of free! (dectrons whieih 
are capable of traveling through the va(!Uous space within the tul)e. In order that 
these electrons may travel through the tvdxj rather than cluster around the filament 
from which they are (imitted, it is neeiessary to a(!(!(!lera,l,e t h<!m in a direcition towanl 
the target. Since the electrons are lU'gatively charged i)a,rficl(!s of eU'(!tri(!ity, t.hey 
may I)e made to move in the direction of the targ(!t by a,pplying a, voltag(! b<!tw(!(!n tix! 
filanuint and targeit suc.h that tlu! t.arget is at a, positive! pot,(!ntial with respect to that 
of the filament. 

In impinging upon the target, the (!lectrons give up tlu! kiiu!t,ic <!nergy whieih was 
imparted to them by virture of t he positive c.hargc! on tlui tairg(!t, and in so doing they 
produce those! radiations known as X rays. Tlu! pc!netrating power ot the X rays 
depends upon the potential difference between the filament and target. The nundrnr 
of rays depends upon the number of ava.ilal)l(! electrons i.e., the ciurrent through the 
tube, and this in turn depends upon the temp(!rature of the filament whicih is regulated 
by the filament voltage and current. Thus, by controlling the filament temperature 
and the filament-target voltage, the op(!rating characteristi<!s of the tube may be 
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determined at will. The voltage between the filament and target (sometimes called 
the “cathode” and “anode,” respectively) may be as high as 1,000,000 volts, although 
ordinarily voltages of from 30,000 to 200,000 volts (30 to 200 kilovolts) are used. The 
ciurrent through the tube is commonly between about 10 and 100 ma. (0.010 to 0.100 
amp.). 

The point at which the beam, of electrons emitted from the filament strikes the 
target is known as the focal spot. This spot should be as small as possible in order 
that the tube may simulate as much as possible a point source, and thereby produce 
radiographs which are as sharp as possible. If this focal point is unduly large, the 
resulting radiographs will be less sharply defined. 

Factors in Making Radiographs.—In addition to as small a focal spot as is possible, 
there are other conditions which contribute to correct radiographic images. The 
distance between the anode and the object being radiographed should be as great 
as is practical. While a distance of 25 in. from anode to film may be satisfactory for 
radiography of the extremities, with thicker parts it is usually necessary to increase this 
distance. 

The film should be as close to the object as possible. Distance between object 
and film allows the rays to spread to such an extent before reaching the film that hazi¬ 
ness occurs. 

The film should not deviate too far from perpendicularity to the line of the prin¬ 
cipal rays; otherwise serious distortion will result. 

In the radiography of thi(dc objects, scattered rays form the greater part of the 
radiation passing to the film. Any effective method of preventing this scattered 
radiation from reaching tlie film produces a marked improvement in the quality of 
the image. 

In the medical fiedd the most effective way to reduce scattered rays from t he object 
is through the; use of a Pol t er-Bucky diaphragm. This apparatus is a moving gritl 
intt:rposed b<dAV<Hm tlu^ part to be taken and the film. The grid is composed of a stuies 
of lead strips held in plac^e by intervening wood strips. The lead strips are so tilUal 
that th{! plane of each is in line wdth the tul)e focal spot; these strips have the function 
of absorlnng 1 he .scat.tered rays which come from the part radiographed, so the larger 
image portion is fornual l)y primary rays from the tul)e focal spot. 

The grid can lx; flat or curved, bid., to eliminate direct shadows of the lead strips, it 
must be attached to some mechanism for moving it between object and film whiUi an 
exposure is laving mach*; such a device is generally incorporated as part of the 
diaphragm. 

For corrc'id. usi* of the Huc'ky diaphragm, the anode-film distance must be at least 
25 ill. or more, dependent, u|)()n it.s design, and it must be placed so the primary X-ray 
beam will pass directly through the spaces between the haul strips. Longitudinal 
shifts are permissible, but lateral shift.s should not be extended more than 1 or 2 in. 
from the grid cent(‘r. 

Medical Radiography. — ft is almost impossible to condense into table form all the 
variable factors which affect t he taking of a clini<*al radiograph. Added to the large 
number of X-rn,y t ubes with dil'fm-cnt ratings, there is the variat ion in calibrat ion of 
machines and difference in size of patients, as well as the preference of the attivnding 
physician in mat t-ers of film density, contrast, etc. Nor is it practical for a technician 
to learn t he correct position for tluv patient in various pictures except through actual 
observation. As an e.xample of the variation in X-ray tube ratings and tludr effect 
on technique, an inst ance may be cited. The General Electric X-ray Co. recommends 
the following factors for radiography of the kidney with two of their tubes: With one. 
t uIki the exposure is giv<m as 100 ma. at 50 kilovolts for 2 sec. at a distance of 30 in., 
while wit h anotlu'r tlm technique is 00 ma. at 56 kilovolts for 2 sec. at 30 in. Also 
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the technician or doctor in charge of the X-ray department may find that some other 
combination of factors produces a radiograph more to their liking. The operative- 
technique (ihart with accompanying remarks shows the procedure for one particular 
mode] X-ray unit and tube. 

A rough beginning for techniques with other apparatus may be obtained from this 
chart, (lable 1) as follows: Take the product of current (milliamperes, ina.) multiplied 
by tlie time, wliich will give milliamperc-seconds, and then adhere to the other factors 
shown. For instance, in^ this chart, radiography of the gall bladder calls for 60 ma. at 
66 kilovolts for 2 sec. at 30 in. distance. If it is desired to make this radiograph with 
a.n outfit that will not run so high as 60 ma. for 2 sec., the first step is to determine 
t he current-time factor, which in this case is 60 times 2, or 120 ma.-sec. If another 
irnu’.hine will opora.t<.i at 30 ma. for 4 sec. at 56 kilovolts, the resulting film should be 
about the same using a 30-in. distance. In any event, use of similar total niilliampere- 
s(H*.onds, with otluw factors as shown, will serve as a starting point for development of a 
sjitisfa(d,ory technique. 

Exposure times for areas subject to movement should be as short as possible. A 
heart which (‘.ompletes its diastole and systole 80 times a minute performs one of these 
functions in about 0.3 sec. Therefore, to avoid blurring, a heart picture must be taken 
in as small a fraction of a second as possible. Also to be considered is the fact that 
<^a(di lu^art beat tlisplaccis various surrounding tissues, e.ff., the lung. 

Clinical Interpretation .—Correct interpretation of clinical radiographs depends 
almost, entir(‘ly on experience under some efficient diagnostician. No amount of 
study (^au take the place of acd.ual viewing of films. Film diagnosis is not part of an 
X-ray ((‘chnician’s work and under no condition should the technician attempt to give 
suc:h informal ion to a. [)at ient without the consent of the radiologist in charge. Infrac- 
tion of t his ruUi may lead to serious consequences. 

Industrial Radiography.—While the application of X rays in industry for deter¬ 
mination of flaws and interna.1 d(4*ec.ts in industrial materials is a more recent develop- 
nnmt than that of m<^<lical radiographic diagnosis, it has progressed so rapidly in the 
[)a.st f(nv years that. th(i value of this inspection method is no longer questioned. 
Industrial radiography is tlu' only nondestructive test now known for the actual 
x'isimlization of subsurfaca^ conditions. X-ray examination of welds, castings, molds, 
ra,dio t ulx's, and c.ount lciss ot her manufactured articles is now a routine occurrence in 
nunuu'ous |)huits throughout (lu^ worUl. As in medicine, the basis of industrial 
radiography is t lu' dilTcu’t'n t ia.l absorption of X rays by matter of varying densities. In 
ra.diography of an ohjiad cont aining aiaais which, intentionally or not, differ in density 
from surrounding mat.i'rial, t hos(^ arca.s will regist(U'on a film providing they are not too 
small. In gcmu-al, dchxds I'to 2 p(u- (xud. of tlu^ total thickness of the object under 
insja'ction can Ix^ d(d<‘ct.cd, a,nd in special instancies flaws as small as 1 per cent can be 
demonst rated. If, for exa,iiq)h‘, in a .samphe of carbon steel the carbon has precipitated 
in otu' .section, that area, will Ix^ of lower density than the surrounding .steel and allow 
X rays to pa.ss more frtxdy. The riisult will l)e a dark spot on the film signifying 
incnav.si'd (‘xposun*. Any sixrt ion of iucrea.sed density will absorb X rays more readily 
:ind record a. lighli'r a.r('a. on tlu^ film. When luindlixl cornwtly, areas of increased 
:>ml d(X‘r(“ascd dimsity ma.y he regist(u-ed on a film in faithful ri^production of the 
original as to size. a.nd shape. Ordinary radiographic tixdmique doe.s not magnify or 
eidargi' any objects or t heir (hh'ixds <jn the final film. 

Industrial X-ray dIndnst.rial X-ray apparatus operates on the same 
principh- as medical ra,diograi)hic machines, hut whereas cliniiad equipment only 
oimasionally i^xcixxls a, rat ing of 100,(XK) volts, industrial work often requires a 200,000- 
volt fix-hnique and in .some insla.nee.s imhist rial ai)parat.us ean be run as high as400000, 
volts. 
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Table I. —Operative Technique Chart^ 

Extremities 


Region 

Kv, 

Ma. 

Time, sec. 

Dist., in. 

Screens 


44 

10 

5 

30 

No 

Hand 

40 

75 

yi 0 

30 

Yea 


48 

10 

5 

30 

No 

Wrist 

44 

75 

:i 0 

30 

Yea 


66 

10 

5 

30 

No 

Wrist 

52 

75 

H 0 

30 

Yew 


GO 

10 

5 

30 

No 

Elbow 

57 

75 

} \ 0 

30 

Yea 


03 

10 

5 

30 

No 

Elbow 

69 

75 ' 

}4 0 

30 

Yea 


45 

10 

5 

30 

Yea 

Shoulder*^ 

05 

75 

} i 0 

30 

Yea 


50 

10 

5 

30 

No 

Foot 

46 

75 

}4 0 

30 

Yea 


53 

10 

5 

30 

No 

Foot 

50 

75 

>1 0 

30 

Yes 


03 

10 

5 

30 

No 

Ankle 

69 

75 

14 0 

30 

Yes 


59 

10 

6 

30 

No 

Ankle 

54 

75 

* i 0 

30 

Yes 


42 

10 

5 

30 

Yes 

Knee 

02 

75 

> l 0 

30 

Yes 


39 

10 

6 

30 

Yea 

Knee 

59 

75 

M 0 

30 

Yes 


Head 


Region 

Kv. 

Ma- 

Time, sec. 

Dist., in. 

Hu cky 

S<^r(Hnia 

Skull 

70 

10 

5 

25 

Yoh 

Y<^h 

52 

50 

2 

300 

No 

Yea 


()5 

10 

5 

30 

Yea 

Yea 

Skill 

44 

50 

2 

30 

No 

Y<*a 


70 

10 

5 

25 

V<‘H 

Yea 

Occipital 

52 

50 

2 

30C 

No 

Y<‘a 


70 

10 

5 

25C 

Y ea 

Yea 

Frontal sinus*** 

54 

50 

2 

30C 

No 

Y<*a 

Maxillary sinus*** 

74 

10 

5 

2r)C^ 

Yea 

Y i^H 

59 

50 

2 

3 or 

No 

Yea 


70 

10 

5 

25(^ 

Y c\s 

Y<va 

Etlunoid siiius^ 

54 

50 

2 

3()(^ 

No 

Y<^s 

Sphenoid airius*** 

74 

10 

5 

2rk^‘ 

Y<‘a 

Y<^s 

59 

50 

2 

3()C 

No 

Y <\s 


50 

10 

5 

25C 

Y(*a 

Ye.s 

Sinuses*** 

38 

50 

2 

3()C 

No 

Y(^s 


()5 

10 

5 

25C 

V ea 

Y(*h 

Mastoid*** 

50 

50 

2 

.300 

No 

V 


64 

10 

5 

250 

Yea 

V^ea 

Mastoid*** 

44 

50 

2 

300 

No 

Y ea 

Jaw*** 

53 

10 

5 

2.50 

Ych 

Yea 

40 

50 

2 

300 

No 

Yea 


C = Use of cooe or ciylinder recomrnendeci. 
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Table I. —Opebative Technique Chart.’^— {Continued) 

Trunk 


Region 

Kv. 

Ma. 

Time, sec. 

Dist,, in. 

Bucky 

Screens 

Cervical wpine^. 

63 

10 

5 

36 

Yes 

Yes 

Cervical spine***. 

62 

75 

H 

72 

No 

Yes 

Dorsal spine.. . 

64 

10 

20 

30 

Yes 

Yes 

Dorsal spine**. 

70 

10 

5 

30 

Yes 

Yes 

Lumbar spine. 

59 

10 

20 

30 

Yes 

Yes 

Lumbar spine. 

77 

10 

30 

30 

Yes 

Yes 

Pelvis... 

50 

10 

20 

30 

Yes 

Yes 

Sternum*. 

70 

10 

5 

30 

Yes 

Yes 

Sternum*.. 

63 

10 

5 

30 

Yes 

Yes 

liibs*. 

70 

10 

1 

30 

Yes 

Yes 

Ribs*. 

58 

00 

3 

30 

Yes 

Yes 

Ribs*. 

75 

10 

1 

30 

Yes 

Yes 





Oi'gans 


Region 

Kv. 

Ma. 

Time, sec. 

Dist., in. 

Bucky 

Screens 

Cdiest**. 

68 

75 

Mo 

72 

No 

Ybh 

OlOHt**. 

68 

75 

? 1 0 

72 

No 

Yes 

C3iest**. 

68 

75 

?10 

48 

No 

Y es 

Heart**. 

68 

75 

M'o 

72 

No 

Yes 

Kidney*. 

56 

60 

2 

30 

Y es 

Yes 

Urinary bladder*. 

56 

60 

2 

30 

Yes 

Yes 

Gall bladder*. 

56 

<)0 

2 

30 

Yes 

Yes 

Stomach*. 

73 

60 

Li 

25 ‘ 

Yes 

Yes 

St omach *. 

78 

60 

Li 

25 

Y es 

Yes 

Stoma(di *. 

78 

60 

1 

25 

Yes 

Yes 

(k)lon*... 

68 

60 

1 

30 

Yes 

Yes 

FutllH*. 

76 

60 

2 

30 

Yes 

Yes 


Infant.H 


R<*gi(>n 

Kv. 

Mil. 

'Time, s(uu 

Dist.., ill. 

Bucky 

ScriMms 

Wrist... 

40 

75 

‘■io 

36 

No 

Y 

Klbow .. 

44 

75 

' M) 

36) 

No 

Y(‘h 

Should<*r. 

48 

75 

‘ 2 0 

36 

No 

y <‘s 

Ankh‘. 

44 

75 

‘20 

36 

No 

I'S 

Ku<‘<^. 

4ti 

75 

' 2 0 

36 

No 

Yes 

'Trunk. 

50 

75 

‘ M) 

3<) 

No 

V(‘s 

< diest. 

46 

75 

‘ 2 0 

36 

No 

Y (^h 

Skull. 

44 

75 

.*1 0 

30 

No 

Yes 

Simis(*K. 

48 

75 

‘ 1 0 

3()( ^ 

No 

Y<*s 

Mastoid. 

44 

75 

‘ J. 0 

25( ^ 

No 

Yes 


> 1937 Goiunal Khictric X-Rny Oorp. 

" Thiw chart in hawed upon an adult of uv<n*up:e hI’mk 
In thiw chart, all milliainj>ere vuIik'h ov(m* 10 lua. art* for us(* with the' larK<' ftxnil Hpot. 

“ 'Fhe Kv. valucK given in th(^ chart are to be uwed wituply uh a Ht.arting point or guid(u 
"For regioriH wuch aw HinusCH, gall bladder, etc., with or without the Rotter-Biu^ky Diaphragm, the 
Hinalh^Mt eon(^ available whould be unetl to cover the d(^Mired ar(M - parti(udarly for luaivy r>ai tH without 
the Potter-Bucky Diaphragm. 

"The diHtance as giv(u» on the chart in thowe; iuHtaiua^w wlnue a com* i>r cyliiuitu’ iw ret^ominended, 
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Industrial X-ray Technique .—In making an indxistrial radiograph the factors to be 
considered are (1) thickness and composition of object under examination, and (2) 
size and shape of the object. There are, natxirally, many other influencing factors, but 
they are mostly small mechanical problems which vary from one piece of work to 
another and can be solved with a little ingenuity. 

1. Thickness and composition of the object determine the voltage, (airrent, and 
time to be used in making an exposure. In the majority of (*.a.ses voltages and l ime 
are the only factors changed, and the current remains at some predetormiiuMl stdting; 
say 5 ma. Many curves have been published to give the proper settings for pemedra- 
tion of “steel," but they are notably uiu'eliable and inaccurate. “Steel ’’ has bia'ome a. 
loose, generic term which no longer denotes any specific metal with fixed (Huunical and 
metallurgical properties, and it covers a wide range of alloys. Variations in nuiial 
densities, atomic properties. X-ray inachme calibration, development te(dud(pu‘, et<\, 
involve such large exposure differences that it is far better for each indiv'idual opi‘ra,tor 
to establish his own exposure charts by the trial-and-error method. Aft(!r a. tuunlxn- of 
exposures on different alloys, the technician will develop a sense of exposuiai tc<‘hiU(HM^ 
which can then be enhanced by reference to a table of elenumt iind alloy demsities. 


Tablk II.—ScBoiPic; Gravity op Met.m.s hlNc'ouNTBKifii) 

Me till 

Iron (99.94 Fe). 

Iron, cast (94 Fo, 3.5 C, 2.5 Si). 

HtaiiilcHK iSteeLs (90 Fe, 8 C-r, 0.4 Mn, 0.1 C). 

Allejijhuuy rnetul (Fe, 18 C\\ 8 Ni, Mn, Si, (0. 

Oojiper (99.9 Cu). 

ordinary ((>7 C\i, 08 Zti). 

Aluminum (99.2 A1). 

Niekel (99,5 Ni). 

Nichroine (80 Ni, 20 C'v) . 

Moiiol imddil (()() Ni, 88 Cu, (>.5 I<'c). 

T.ead (98 Pb, 7 Sb)... 

Gold, Mtiiudard Gt. Hr. (92 Au, 8 ('ii) . 

Platiiiuin (90 Pt, 10 Ir). 

'ruufi;fsteii... 


IN llAniOUKAl'UY 

Oravity 

. 7 . 

. 7.00 

. 7.75 

. 7 , Hi) 7,95 

. 8.50 

. S , 40 

. 2.71 

. 8 . SO 

. S , 50 

. 8 90 

. 11 .OO 

. 17,17 

. 21.01 

. 14 00 


A few of the nudols friTiiuui I ly cmuuiuo tenul in iiuliistrinl X-ray work art' iti 

''l.\‘il>Ie II will) tlu^ir (‘oniposil ion ajul spcMufie. gra,viti(\s. hiju^lu'r th<* 

p;niviti(\s a,i-(^, llu^ lh|2;h(a* tlu^ X-ra.y voKafjjo iniisl^ Ix^ to [x^udrati' {h(‘ iiudal. < Jra\dti«‘.s 

<lta>endH oil i.lie type t)f ('one availabb*. In n.uy in.st.miet', tlu‘ Ixiat lassult.s will lx* <)I>tain(‘d \vh«M» tin* Ninall 
<*Ht poH.sibhf eon<‘ in UHeO, :i(ux)rdiiiii: to a.i*(ai to be 

“'I'he i)ro<!(alur(* rluumrs with the siz(‘ of (xino us<‘d. 'riK* Hiualler t h(‘ (’<)n<\ tlu‘ jpab'tltu 1 lu' «uiei*.f,y 
ntquireil, a-tul tlu* la.rji:(‘r l lx^ (aan* tlu' lihsa tuierpiy r<diuii<al, ll<>w<‘ver, t he improved ('onl i a^t made 
f)()!sMible by tlu^ amalhu* eom*, deNpiti' t he incr(»a..Me in cuauT^y lu^ec'SHiiry, inalohs its uai* a-d vi.sa ble wheaevei 
possible, (‘ith<‘r with or without t 1 h^ Rueky dia.i)hr;ij 2 ;m. 

‘‘'Ih) <4uiJijJ!:o tile ra.dioj*:rn,phi<^ dcuisity for iiny area, t he Ixhst results will he ohtaimul if only oto* faeior 
at. a, tini<^ is eluttifi^ed, 8'h(* two futU.or.s whh'h nia,y be (ujiisii hu-ed varial>h‘a voltaj.^' and ("\|M».snre tone. 
Of t.luhst' tw'o, vol^:l,^*;(^ is (lu» vad'ia.l)hi factor of pi idhaaaua*. 

*‘''ro elianiJ^c^ a Pot4,(U'-Hiieky I)ro<*<alu^c^ to oue witliout t.lu* dinplirapau, (Utlier d<Mluet aj>piox ima t el 
15 kv, or us(‘ di ilu^ (»xposur(^ tiim^ as j[»:iv(ui ou th<* elutrt. for PottiU'-hucky work, 'To i^'verse the* 
protaaiure, catlua* add 15 kv.p. or use 4 (dm<*s the exposure tim<^. 

“ I uimobiliifiut ion of the part should al ways providial vVhcai pra<’tieal; sand ha,ji:s for sui*h parts ri.s 
ext r(*miti(bs, and immobilizing bands for tlu^ skull, pelvis, spine, (‘t.e..; roiitbs or cylinders for .HinuH<'.H. 

mm. to I rnm. of aluiniauiu shouUl be; usi'd a.s a, filtcir, with the following: exetuhioori: solt (i.^Hiu* 
l(a4iru<’ in ext.rtunit.y work; radi(,>|EJ:ra.phy wit.hout. s(a*o(ais; (*h(*st., 

** P'oi’ <4uIdr<Mi from 5 to 12 y<*ai‘s of aj!;e, (uIIhu’ a r<ahie(,ioa in pi^iud ra(ion of a pi>ro\ i mat ely U) kv.o., 
or tJi<‘ exiiosure tdnu^ on 1 h(‘ chart , should be miid(u 

*‘On<^ star ^ indicates that tlu^ i)ati<Mit, should stop breathing!;. 

‘'Two fsturs iiuli(ud(‘ that the patifuit should t.ake a full breath and liold it.” 
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which differ only slightly may be radiographed satisfactorily by changing the time 
and keeping the voltage constant. By establishing exposure values for a few different 
metals, by studying the effect of compositioii on density, and by becoming familiar 
with vax’ious settings on his own X-ray machine, the operator will soon be able to make 
a good radiograph of almost any object with one 
trial exposui'e. 

This table shows why lead is xised as a shield 
against X rays. Only gold, platiixurn, and tungsten 
are greater X-ra.y absorbers and the last three arc 
expensive whereas load is cheap. 

2. Size and shape of the object examined arc 
important and are frequently such that they provide 
the major problem of the work. It is desirable to 
place the film in its holder as near as possible to the 
area where dch'cts are likely to occur, and to avoid, 
in the c^ase of coinplicatxMl (tastings and machine 
parts, interposition of irrelevant sections between 
fihti and X-rn,y tulxe. IdtMil radiographic, conditions 
are those winch allow the X-ray beam to pass from 
the target throxigh the area to be inspecteui and 
thence, without interrupt ion, to a film platanl per¬ 
pendicular to the line of the main bea,m (Fig. 1). 

Although this condition is oftem una.tta,inal>le, 
the nearcist possibles approadx shovdd be nuuh^. In 
some cas(^s it is Ixdter to pla.c(> tlie film oMku’ tlia.n 
perpendi(udarly, to avnud overlapping of undesin'd 
sha,<k)\vs fui tlu' film (f'ig. 2). 

In the case of curved surfaces ca,r(i should Ix' ta.ken to (amteu' tlui ta,rg(d, and film, 
and the distance! sliould lx* sinrh as to peritut tlu' whol<! film to Ix! (!xpos('d. Sonx! 
allowa.iuM! must also be ma.d<‘ for t.lu! fa.(!t. t.lmt. t lu! ends of tlu! film an! fa.rth<!r from the 
ta.rgc*i than tlx! eentxir lx‘ea,uH<' of (Ix'ir (!urva(.ure (Fig. 3). 



operation of X-ray photography. 
A source of electrons striking the 
target i>roduccs waves which 
spread out as indicated by the 
divergiiig lines. These waves 
]>ass tliro\igh the obje<!t to bo 
radiographed, where they are 
partially absorlwd, and thence tc 
the film where a permanent 
rt'(!ord is produced. 



Fxi. 2.- I)iagrnin illiist.rating oix' pos.sibb' iru't.hod of (‘.\a.niiniiig a port ion of an objc'ct. hav¬ 
ing .se<a.iori.s which ordinarily would j)rovide some sliieUfiag of X rays. 


This disf aiice d<!f(*(‘f m.ay Ix! overeoiiui ('itPer by incnaising tlx! t.a,rg(!l,-film <liHta,u(!('. 
or by shortening tlx! X-ray film. In t h<‘ first, t.lu' oxposurt^ tinu! is in(!reji,.M(!d t.o com¬ 
pensate for (he (lista,ne.t!, and in t.h<! second insttnux' mort! pietun'S must, Ixi nm.de t,o 
cover t,h(! t.otjtl an'a,, so that, (rorxlilions pnivmiling a.t th<'. I im<! must <l(‘ci<l<! which is tlx! 
better eourst!. 

In eases when! tlx! (mt ir<! film is rx)t, (!ov(!n!d I>y ( he obj(!(!| some provision must bo 
made to keep .seatt(‘red radiation from “t!r(H!ping” in around the edg(!S tind u(,t.(!rly 
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ruining the radiograph. In most instances shielding with lead blocks or formed lead 
sheets will be sufl&cient, but on oddly shaped objects it is often necessary to resort to a 
more plastic type of shielding material. There are a number of these on the market, 
none of which is entirely satisfactory. Were it not for its tendency to amalgamate 
with some metals and penetrate the crystalline interstices of others, mercury would 
be an ideal shield where a liquid is needed of high atomic weight. Even so, it has been 
used on occasion and gives a fine radiograph free from all scattering fog. Various 
lead salts in solution have been used as has the finely powdered red oxide of lead made 
into a paste with different oils. 

These various shielding materials may also be used as filler where on the same film 
it is ue<;essary to penetrate two different thicknesses. In some cases, correct exposure 
for one part will result in a high overexposure of a thinner part. The thinner part is 
then built up to the same density as the thicker i^ortion. 


Fio. 



placed with respect to the source of radiation as shown at the right. 




Fid. 4. -Shiohling l)y means of load blocks will assist in reducing scattered radiation. 


With small, easily peuetrate<l ohjoc.thi fluon^scent scrcems :i,r<i not Mow- 

iivcw, beginning with in. of st(u^l or its (’apiivahuit, exjiosuro t.inu^s !ir<^ so prolongc'd 
or such a high voltage is nece.ssary that too mucdi time is uhihI for each piid.ure or t he 
final film loses detail due to oxc(\SHive jxmetration. At this point it i.s advisable' to 
resort to use of fluorescent scrcon.s, one on each sid<i of the film in a lightilght hoId(U'. 
Care must he taken not to Ixuid the scri^ens for tluur fluorescent coaling is ('a.sily 
<‘ra,ckcd, thus introducing (u-rors into tin; nuliograph. A sliglit curvaiun; is pc'rmi.ssi- 
hle, but where more than this is rtxjuired to place the screen against th<^ area t.o 
inspected, it is wisest to kisep the film flat even if the resulting picture loses something 
in quality. Where the film holder e.an Ixi placed against the weld or easting, many 
simple methods will come to mind for holding it in place and for keeping good (xmt act 
between screens and film. For example, while examining welding in a large tank, the 
film may be held against the inner surface by use of a flexible wooden pole slight ly 
‘longer than the internal diameter of the tank. 
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Industrial Radiographic Interpretation, —In. the interpretation of industrial radio- 
p;rn.phs, as in medical work, there can be no substitute for experience and observation. 
It is necessary for the operator to be more or less familiar with industrial processes 
such as welding, casting, molding, etc., and he should have at least a working knowl¬ 
edge of the fundanumtals of metallography. For the beginner a fairly safe rule is as 
follows: if on the radiographic film of a weld, casting, mold, plate, or other supposedly 



Fio. 5.—F.iuliograpli of welded steel idatcs showing gas pockets and cracks of faulty weld. 


Iioniogt'ucious material, one or more dark spots or lines ai^pear in an otherwise even 
liedd, t hese areas n'pn'scmt defe(d.s. 

lOxainph*: Fig. 5 is a.n a,etual x'a.diograph of two steel plates which have been placed 
edg<‘ to <‘dg(' and wadded t.ogetluu'. The, dark areas arc the ixlain steel and the light 
e(>nt(>r strip is th(^ w'(dd ma,terial which is denser than the surrounding metal. Within 
tdiis eentx'r strip numerouH spots and one or nioi'c dark lines appear. TLhe spots are 
small gas po(d\(diS wdiile the lines are cracks. This is a faulty weld and, if subjected to 

X 


P 

Q 

Pnj. 0.—Diagram illustrating diffraction of X raya. 



high pressures or (^xemssive. strain, is likely to fail. This film is faiidy ropiesentative of 
t.ho general run of industrial nuliogra.phs, the interpretation of which depends on a 
knowledge of the ndntivM' dcuisities involved iJi the object being inspected. 

X-ray Diffraction.—Although -\-ray diffraction is not usually classed under radi¬ 
ography, a st rict interprid-ation of the word radiograph woidd require the inclusion of 
this applica.t,ion of X rays. A simple explanation of this phenomenon is as follows: 

Eiefert*nc(‘ to Fig. f) show^s that a single light beam L divided at pinholes A and B 
will nroduc.e aUmmat.e light and dark areas on surface X—points like P, equidistant 
from A and B will be brightly illuminated by reinforcing similar-phased waves, but 
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points like Q, unequally distant from A and B, will be unlighted due to the arrival 
there of canceling, out-of-phase waves. 

Such reinforcements and cancellations due to single-wavelength light traveling 
different distances can also be caused by reflecting a beam from surfaces at varying 
distances. Thus in a system of parallel mirrors a, b, and c, as in Fig. 7, which reflect 
light of wavelength X, all waves starting from line A A 'A " and ending at X will not have 



Fio. 7.—Diffraction reinforcements (right) and caiicellations (left) of X rays caused by 

crystal structure. 


covered the same distance. If the angle at which the light strikes a mirror is 0 and d 
is the distance between planes, then route A'B'X is longer than route ABX l>y twicH'i 
the distance times the sine of angle d. Therefore, altho\igh all waves stai-ting from 
A A'A" are in phase, they will be in phase on arrival at X only when the distance-diiT<‘r- 
ence between them (2d sine 6) = X, or 2X, or 3X, or . . . n\. A graphic means of 
illustrating X-ray diffraction by a single crystal is the combination of Figs, fl and 7 into 



the crystal atom of Fig. 8, a three-dimen¬ 
sional affair with many planes at differmit 
angles. A monochromatic .X-ray beam, B 
is reflected from the atom sheets a, b, and c 
(which compose the mystal) on surfac<> A'. 
As in Fig. 7, those sheid.s so spaced t hat X 
rays are reflected at some wliole wave¬ 
length distance ahead or behind otlu'r rays 
make a diffraed ion i)attern chara.cterist ic^ of 
the crystalline. ''Phe result, is as though 
the energy beam had come from L (see also 
Fig. 6) and had been diffracted from pin¬ 
holes at A, B, and C. 

Va,rious diffraction methods an; usf-d 
widely in industrial processi's to reveal facts 


Fia. S.— Reflections of diffracted X-ray 
beam coming from S behave as though 
they came from L and passed through 
apertures A, B, and C. 


al)Out the internal structure' of material 
which c.oukl he disidosial in uo other way. 
Analysis of crystal stnudure in all difhu’ent 
typos of metals and alloys is a ])artieularly 
fertile field. This application is also bringing to light fundamental facts in loiology, 
in medicine, and in research into the structure of the atom and its energy relations. 

Although widespread application of diffraction methods is relatively new, it. is 
proving a remarkable instrument wherever investigation takes place intjo the essential 
processes of nature. 

Radiographic Darkroom.—The principles involved in processing X-ray films are 
the same as in any other photographic procedure, and the ordinary photographic 
darkroom may be used for X-ray film work. There are, however, certain differerices 
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between the two. Developing and fixing solxitions made specifically for X-ray films 
should always be used. The usual process of developing, fixing, and washing is fol¬ 
lowed, but the times used are different. When the processing factors are correct 
and the rsidiograpiis are found to lack densit 3 '’, it can be assumed that underexposure 
lias taken place, and when the radiographs are too dense, overexposure is indicated- 
An_y change in (ixposure time should be an increase or decrease of the original factor 
by aliout 35 p<u- camt. 

After a certain number of films have passed through the solutions, it will be found 
necessary to add 1 min. to the development time to obtain the desired density. This 
time, in turn, will have to be augmented by another minute at a later date. While 
no lormula (uin be given for change of development time, in general, after 100 films 
14 by 17 in. have b(sen processed, the development should be raised to 6 min. Smaller 

Hours 



films tak<' rorrespondingl.N’ b'ss liff' from t.lu' solutions, iind one 14- by I7-in. film <‘.apn 
sa.ft'ly be made to ('(pial I hr<‘c S- l)y lO-in. films, two 10 by 12 in., or one 1 1 by 14 in. 
plus one H 1)3’ 10 in. I.ikc'wisc', jillcu' (ill.v 14-by 17-in. films, or (ujnivalent, bave been 
pr(1, it is wis(‘ to in(n‘('!us<* I la* t.inu^ t'O 7 min. At i.lui (uu! of a,nol)h(U’ fifty units, 
tlu* solution has jiboul' rc'jielu'd tiu' liiniti of its ellieicuiey and introduction of new 
solut ions shoiild be eonsidc'red. The lif(' of solutions varies so that the above recom- 
nuMidatioM should b<‘ vi(nve<l nion^ as a rough guides tha.u as an ab.st)lutc formula. 

In aetual u.s(' t.li<( tank system, where prop(u- temperature can be controlled by 
rcigulatiug (lie flowing wa.(.(>r around (.he tia.nks, is the most oflicient system of process¬ 
ing. Here the t<><-hni(iue is mendy to [)laee. the exposed film on a hanger which can be 
eonvenienlly immersed in <h'Veloiier, rinse wa.f.er, fixer, and wash water for the pre- 
determiiK'd intervals; th(' hanger should be held flat throughout the procedure. The. 
tray syst.c'm ina,v Ix^ use<l if a, ta.nk inst.allat.ion is not available, although more care 
must b(‘ fakim not, to serateh or otherwise damage the surface of the film. 
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Radium Radiography.—In recent years the use of gamma rays from radium as a 
means of visualizing subsurface faults has received increasing attention in cases where 
the examined material is too thick to be conveniently penetrated with X rays. 
Gamma rays are similar in nature to X rays but are of much shorter wavelength than 
the X rays used in general practice and are therefore able to pass through substances 
opaque to the X ray. Figure 9 shows a gamma-ray exposure chart for steel. 

The apparatus necessary for gamma radiography is extremely simple and does not 
require the space, trouble, or attention encountered in X radiography. A small 
capsule container of radioactive material is held rigidly in front of the specimen to be 
inspected and X-ray films in holders are fastened to the back of the specimen. After 
the required time has passed, radium and films are removed. It will he found on 
development of the film that the gamma rays passing through the specimen have 
recorded, as with the X ray, conditions existing within the sample. 

The exposure chart given is applicable for practically any type of steel l)ecaus(^ 
gamma radiography errors in exposure time generally amount to a small fraction ol 
the total. 
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APPENDIX A 

TABLES OF CONVERSION FACTORS 


Compiled by BEVEitEY Dudley 


Table I. —Avoirdupois Weight—F oit General Commodities 





Metric 


United States and Kiiglish 

JVlultiply ”> 

To obtain 

i 


Milli¬ 

grams 

mg. 

I )<Ha- 

grams 

Grams 

Kilo¬ 

grams 

G rains 

ffr. 

IJ>raiuH 

Ounces 

oz. 

l^ounds 

11). 

MiiUgraniH 

I )(M*.igrainH 

ClraniH 

Kilogranis 

nig. 

K- 

kg. 

1 

0 . (11 
O.OOl 

0.000001 

100 

1 

0. 1 

0.0001 

1 , ()()() 

10 

1 

0.001 

10« 

10,000 
1\ 000 
1 

04.80 

0. ()480 

0 . 00480 
0.480 X 
10 ^ 

3887.03 
38.879 
3.8879 
O;003888 

28,350 
283.5 
28.35 

0.02835 

453,000 
4, 530 
453.0 
0.4530 

(Jrainn 

Kr. 

0.01043 

1. r>43 

15.43 

15,430 

1 

27.34 

4 37.5 ' 

7,000 

I )ranm 

5.043 X 
10 ■' 

0.05043 

0.5043 

504.3 

0.010()7 

1 

7.202 

IK). 7 

OllUCBH 

OVJ, 

3.527 X 
10 '■ 

3.527 X 
10 » 

0.03527 

35.27 

0.002280 

0.1371 

1 

10 

PoiindH 

lb. 

2.205 X 
10 " 

2,205 X 
10 

0.002205 

2.205 

1.120 X 
10 ^ 

0.00857 I 

0.0()25 

1 


Table ll.- Tuov Weight I'’oh (Jems and Precious Metals 


Multiply ->■ 


'I'o ()l)tain 

...1 


M illiRraniH 
Dccigi'aniH 
(IraniH 
KilograruH 

(f rniiiH 
1 )rainM 
OimccH 

Pountin 


Hy 


rtig. 


p:- 

kg. 


gr. 


oz. 

Ih. 



M<d.ric 



U ni tial 

Slut(»s and lOnglish 

Mini- 

gruniH 

I)ca4- 

grams 

( Iran IS 

Kiln- 

gra in s 

(1 rains 

I >ramH 

(Inmans 

Pounds 

mg. 



kK. 

gr. 


uz. 

U). 

1 

100 

1,000 

10« 

04.80 

1 , 555 

31,100 

373,200 

0.01 

1 

10 

10,000 

0.0480 

1 5,55 

311.0 

.3.732 

0.001 

0.1 

I 

1 ,()(>() 

0.00480 

1 . .55,5 

31 . 10 

373.2 

O.OOOOOl 

0.0001 

O.OOl 

1 

0.480 X 10 

0.001555 

0.031 1 

0.3732 

0.01543 

1 , 543 

15.43 

15,430 

1 

24 

4 80 

5,7()0 

(■..430 X 10 

0.0043 

0.0130 

043,0 

0.04107 

1 

20 

240 

3.215 X 10 

0.00325 

0.0321.5 

32.1 5 

2.083 X 10 

0.05 

1 

12 

2.070 X 10-« 

0.0002070 

0.002070 

2.079 

1.730 X 10 ' 

0.()()n07 

0.08333 

1 
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’ Table III. —General Liquid Measure 




Metric 

United States 

Multiply —> 

Bv 

Milli¬ 

liters 

Liters 

Gills 

Pints 

Quarts 

1 

Gallons 








To Obtain 

J 


ml. 

1. 


pt. 

q t. 

gal. 

Milliliters 

ml. 

1 

1 

1,000 

118.3 

473.2 

046.4 

3,785 

Liters 

L 

i 

0.001 

1 

0.1183 i 

0.4732 

0.04(54 

3,785 

GiUs 


0.0084.53 

8.453 

1 

4 

8 

32 

Pints 

pt. 

0.002113 

2.113 

0.25 

1 

2 

8 

Quarts 

qt. 

0.001057 

1.057 

0.125 

0.5 

1 

4 

Gallons 

gal. 

0.0002642 

0.2642 

0.03125 

0.125 

0.25 

1 


Table IV. —Apothecaries Liquid Measure 



Metric 

United States 

Multiply —> 

By 

X 

'Lo Obtain 

Milli¬ 

liters 

1 C^fmti- 

1 liters 

Inters 

AI inims 

l*’luid 

drams 

Kluid 

ounces 

i 

ml. 


1. 



oz. 








Milliliters ml. 

1 

.10 

1,000 

6.161 X 10”‘-’ 

3.607 

29.57 

Gen til iters 

0.10 

1 

too 

6.161 X 10 

0.3697 

2,957 

Liters 1. 

0.001 

0.01 

1 

6.161 X TO-ft 

0,003697 

0.020.57 

Minims 

1 6.23 

162.3 

16,230 

1 

0.01667 

0.002083 

KL drams 

0.2705 

2.705 

270,5 

(>() 

1 

0.1250 

1^4. ouiH^es oz. 

0.003382 

0.3382 

33.82 

480 

8 

1 


T.\ble V-— Lbnotm 





Metric 


United States and Knjxlisli 

Multiply ■—> 

By 

j 

Milli¬ 

meters 

< ^en ti- 

i meters 

Deci- 

nH‘ters 

Meters 

Inches 

l<'e<d* 

a rds 

I tods 











To Obtain 

i 


! 

in ni. 

1 

cm. 


m. 

in. 

ft. 

1 

.vd. 

f 

Millimeter.s 

mm. 

1 

10 

100 

1,000 

25.40 

1 

1 

304.8 

9 14.4 

5029 

Centimeters 

cm. 

0. 10 

1 

10 

100 

2.540 

30.48 

5)1.44 

502.9 

Decimeters 


0.01 

0. 1 

1 

10 

0.2540 

3.048 

9.144 

50.29 

Me tens 

rn. 

0.001 

0.01 

0.1 

1 

0.02540 

0.3048 

0.9LM 

5,029 

Inches 

in. 

0.03937 

0.3<)37 

3.937 

39.37 

1 

12 

36 

198 

Feet 

ft. 

0.003281 

0.03281 

0.3281 

3,281 

0.08333 

1 

3 

16.5 

Yards 

yd. 

0.001094 

0.0105)4 

0.1094 

1.094 

0.02778 

0.3333 

1 

5.5 

Rods 


0.0001988 

0.0015)88 

0.01988 

0.1988 

0.005050 

0.060(50 

0.1818 

1 
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Table VI.—Tempebatxjbe 


Fahrenheit 


35. 

0 

40. 

0 

41 . 

0 

45. 

0 

50. 

0 

51 , 

0 

51 . 

8 

52, 

0 

53. 

0 

53, 

,6 

54 . 

,0 

55, 

.0 

55 

.4 

56 

,0 

57 

.0 

57 

2 

58 

.0 

59 

.0 

60 

,0 

60 


61 

.0 

62 

.0 


(V2 . (') 
iVAA) 
.0 
ihl . i 

<ir>.o 

tUi.O 

e>a.2 

i)7 A) 
tiS.O 
OU, 0 
70.0 
71.0 
7 1 . <j 
72.0 
70.0 
70. 1 
71 . O 
7r» (r 
7*). 0 
77.0 
7<S () 
70 0 
HO.O 
07). 0 


Centigrade 

^C. _ 

- 17.8 

- 15.0 

- 12.2 
- 10.0 

- 9.4 

- (>.7 

- 5.0 

- 0.9 

- 1.1 

0.0 

+ 1.7 

4.4 
5.0 

7.2 
10.0 
10 . (> 

11.0 
11.1 

11.7 

12.0 

12.2 

12.8 
10.0 
13.0 
10 . 9 
M.O 
14.-1 
15.0 
15 . 0 
1 ( 1,0 
10 . 1 

10.7 
17.0 
17.2 

17.8 
18,0 
18.0 

18.9 
19.0 
19-4 
20.0 
20 . r > 

21 . I 
21.7 
22.0 

22 2 
22 . H 
20.0 
20.0 

20.9 
24.4 
25.0 
25.0 
20 . 1 
20.7 
29 . I 


Reaumur 


-14.2 

- 12.0 

- 9.8 

- 8.0 

- 7.0 

- 5.3 

- 4.0 

- 3.1 

- 0.9 

0.0 

d” 1.3 

3.6 
4.0 

5.8 
8.0 

8.4 

8.8 

8.9 

9.3 

9.6 
9.8 

10.2 

10.4 

10.7 
11.1 
11.2 

11.6 
12.0 

12.4 

12.8 

12.9 

13.3 

13.6 

13.8 
14.2 

14.4 

14.7 

15.1 

15.2 
15.0 
10.0 

10.4 

10.9 
17.0 
17.0 

17.8 
18.2 

18.4 
18.7 
19. 1 
19.0 
20.0 

20.4 

20.9 
21.0 
20.0 


Kelvin or absolute 
^K. or ^A- 

255.2 
258.0 
260.8 
263.0 

263.6 

266.3 
268.0 
269. 1 
271.9 
273.0 

274.7 

277.4 
278,0 
280.2 
283,0 

283.6 
284.0 

284.1 

284.7 
285.0 

285.2 

285.8 
286.0 

286.3 

286.9 
287.0 

287.4 
288.0 
288.6 
289.0 
289. 1 

289.7 
290.0 
290.2 

290.8 
291.0 

291.3 
291.9 
292.0 

292.4 
293.0 
293.0 

294.1 

294.7 
295.0 

295.2 

295.8 
290.0 

296.3 

290.9 

297.4 
298.0 
2^*8,0 
299. 1 
299.7 

302.4 
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Table VI .bmperatxjre ,— {Continued ) 


Fahrenheit 


Centigrade 


Reaumur 


Kelvin or absolute 


^K. or ^A. 


86.0 
90.0 
95.0 
100.0 
104.0 
105.0 
110.0 
113.0 
115.0 
120.0 
122.0 
125.0 
130.0 
131.0 
135.0 
140.0 
145.0 
149.0 
150.0 
155.0 
158.0 
160 . 0 
165.0 
167.0 
170.0 
175.0 
17 (>. 0 
180.0 
185.0 
190.0 
194.0 
195.0 
200.0 
203.0 
205.0 
210.0 
+ 212.0 


30,0 

32.2 
35.0 

37.8 
40.0 

40.6 

43.3 
45.0 

56.1 

48.9 
50.0 

51.7 

54.4 
55.0 

57.2 
GO.O 

62.8 
65.0 
(55.6 

68.3 
70.0 
71 . I 

73.9 
75.0 

76.7 

79 .4 
80.0 
82.2 
85.0 

87.8 
90.0 
90 . (5 
93.3 
95 . 0 
96 . I 

98.9 

+100.0 


24.0 

25.8 
28.0 

30.2 
32.0 

32.4 

34.7 
36.0 

36.9 
39. i 
40.0 

41.3 

43.6 
44.0 

45.8 
48.0 

50.2 
52.0 

52.4 

54.6 
56.0 

56.9 
59. 1 
() 0.0 
() I . 3 

63.5 
()4.0 

65.8 
68.0 

70.2 
72.0 

72.4 

74.7 
76.0 

76.9 
79. 1 

+ 80.0 


303.0 

305.2 . 
308.0 

310.8 
313.0 

313.6 

316.3 
318.0 

319.1 

321.9 
323,0 

324.7 

327.4 
328.0 

330.2 
333.0 

335.8 
338.0 

338.6 

341.3 
343.0 
344 . I 

346.9 
348.0 

349.7 

352.4 
353.0 

355.2 
358.0 

360.8 
3 ( 53.0 
363.6 

366.3 
368.0 
369 . I 

371.3 
373.0 


APPENDIX B 


approximate relative values for specifying speed of photo¬ 
graphic MATERIALS 


A 

Hala- 

iivt^ 

B 

Wc'HtOll 

C 

Ameri¬ 
can and 
British 
H ^ D 
(A^ - 
10) 

D 

Con¬ 

tinen¬ 

tal 

H ^ D 

E 

Wat¬ 

kins 

F 

Wynne 

G 

Bur¬ 

roughs 

Well¬ 

come 

H 

Ameri¬ 

can. 

Schei¬ 

ner 

I 

Con- 

tinen- 

Schei- 

ner 

J 

Fder- 

Hecht 

K 

DIN 

A 

Ilford 

1.00 

0.23 

5.8 

27 

10.5 

F/21 

2.83 

1.00 

6.00 

42.5 



1.25 

0.29 

7,2 

34 

13.2 

PV23.4 

2.24 

1.9 

6.9 

45.0 



1 .«0 

0.37 

9.3 

44 

17.0 

F/26.5 

1.76 

2.9 

7.9 

47.4 



2.00 

0.46 

11.6 

55 

20.5 

F/29.5 

1.38 

3.8 

8.8 

50.0 



2.50 

0.58 

14.5 

09 

26.4 

F/33.0 

1.10 

4.8 

9.8 

52.0 



3.00 

0.69 

17.0 

83 

30.8 

F/36.2 

0.925 

5.5 

10.5 

54.0 



4. DO 

0.93 

23 

111 

42.4 

F/41.9 

0.880 

6.7 

11.7 

57.0 



5.00 

1 . 16 

29 

135 

53.0 

F/47.0 

0.560 

7,6 

12.6 

59.5 

0/10 


6,40 

1.48 

37 

173 

68.0 

F/53.0 

0.425 

8.6 

13.6 

62.0 

.1/10 I 


B. 00 

1.85 

46 

215 

85.0 

F/S9.3 

0.338 

9.6 

14.5 

64.0 

2/10 


10,00 

2.33 

58 

270* 

106 

F/66.0 

0.270 

10.5 

15.4 

67,0 

3/10 


12.5 

2.90 

72 

336 

133 

F/74.0 

0.215 

11.4 

16.4 

69.4 

4/10 


16.0 

3.70 

93 

430 

171 

F/84 

0.170 

12.4 

17.4 

72,0 

5/10 

A 

20.0 

4.65 

116 

535 

214* 

F/94 

0.135 

13.3 

18.3 

74,0 

6/.10 


25.0 

5.80 

145 

670 

268 

F/105 

0.108 

14.2 

19.2 

76.5 

7/10 

B 

30,0 

i\ . 90 

174 

810 

320 

F/115 

0.090 

15.0 

20.0 

78.5 

8/10 


40.0 

9.30 

232 

1.080 

425 

F/133 

0.068 

16.2 

21.2 

81.5 

9/10 


50.0 

11,6 

290 

1,350 

536 

F/148 

0.054 

17. 1 

22.1 

83.8 

10/10 

O 

64,0 

14.8 

371 

1,730 

685 

F/167 

0.043 

18. 1 

23.2 

86.5 

11/10 


80.0 

18.5 

.164 

2,170 

860 

F/187 

0.034 

19.0 

24.1 

88.0 

12/10 


100.00 

23.3 

580 

2,700 

1,070 

F/209 

0.028 

20,0 

25.0 

92.0 

13/10 


125 

29.0 

725 

3,400 

1,350 

F/234 

0.022 

20.9 

26.0 

93.6 

14/10 

O 

160 

37.0 

930 

4,400 

1,730 

F/265 

0.018 

22.0 

27.0 

96,1 

15/10 


200 

4i\ . 5 

1 , 160 

5,500 

1 2,170 

F/295 

0.014 

22.9 

27.9 

98.5 

16/10 

E 

250 

58.0 

1 ,450 

6,90G 

1 2,720 

i F/330 

0.011 

23.8 

28,8 

101.0 

17/10 


300 

(59.0 

1 .740 

8,3()C 

► 3,300 

1 F/302 

0.0092 

24.6 

29.6 

103.0 

18/10 


•too 

03 

2.320 

1 1 ,20(: 

I 4,400 

1 P/420 

0.0088 

25.8 

30.7 

106.0 

19/10 


500 

1 10 

2,900 

14 ,()()( 

) 5,50C 

1 F/47() 

0.0055 

26.7 

31.7 

108.0 

20/10 

F 

(MO 

14H 

3,7 10 

18. ()0( 

) 7,1OC 

» P/530 

0.0042r 

> 27.7 

32.7 

110.8 

21/10 


800 

IHt) 

4 .(>40 

22,50( 

) 9,oor 

) P/595 

0.0033^ 

1 28.6 

33.6 

113.0 

22/10 


1 ,000 

232 

.5,800 

28,501 

) 10,70( 

) P/005 

0.0037( 

) 29.5 

34.6 

115.5 

23/10 



Non*:: it is noi ... .. - . ^ i i 

unci th(* iibov<^ lahh^ shouhl he conHi(l<‘ro<i only as approxinuitioiis. The data for the above 

tahlo wcr(‘ oliluiiicd frotii 8('V<>riil houici'H as listed below. la a few of tiio coluinna the vahiea were 

extended in order to have a more eomplete aet. of data. , i . 

neeeiit fUiii .ape<'dH r)id)HHh<al l>y the Kastman Kodak Co. [see “The brol)Iem of Inlm fepeeda bj 
Walter Clark, /‘hoto Techni<iue, 1, 12 (1039)1 imlicate that, the Kodak speeds are, numerically, about 
four or live times the spi-ed as Riven by the Weston ratiuR. However, the available data are not 
reKarded as lieinR sullieiently complete to warrant listing: Kodak film speeds ia this tabulation. 

A. C. K. F, II, and J. .Ionkh, I.. A., “Photographic aenaitornetry.’’ 

li, <h)ini)ih'<l hy A, T. WilhuiriH, 

o " Welh-ome Handbook and Oiary” (common fractions have been converted to deeiinal.s). 

D and I Values in eoluinns D and I are representative of the e.ontinental ratings, wlueh are always 
Idgher than tl.e American ratings. The Scheiner ratings usually » to t5 units higher than the 

e,,uivalent American speeds. The values given are from Turner, Brxt. J. Phot., July 8, 1.138. 

K. “Handbook of Physics and Chemistry,” 21st ed. 

lj. 'I'uuNKu. Brit. J. Phot., July 8, 1938. 
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APPENDIX C 


DENSITY-OPACITY-TRANSMISSION COHSTVERSION FACTORS 

Compiled by Beverly Dudley 


Density 

Opacity 

% Xraiisniission 

0.00 

1.000 

100.00 

0.01 

1.023 

97.72 

0/02 

1.047 

95.50 

0.03 

1.072 

93.33 

0.04 

1.095 

91.20 

0.05 

1.122 

89.13 

0,06 

1.148 

87.10 

0.07 

1 . 17.5 

85.11 

0.08 

1 .202 

83.18 

0.09 

1.230 

81.28 

0.10 

1.259 

79.43 

0.1 1 

1.288 

77.62 

0. 12 

1.3 18 

; 75.86 

0.13 

1.349 

' 74.13 

0.14 

1 . 380 

72.44 

0. 15 

1.4 13 

70.79 

0.10 

1 .445 

69.18 

0.17 

1 .479 

67.61 

0,18 

1 .514 

66.07 

0.1 <) 

1 . 549 

64.57 

0.20 

1,585 

03.10 

0.21 

1 . (322 

61 . <>(> 

0,22 

1 . ()G0 

00 .26 

0,23 

1 . ($98 

58.88 

0.24 

1.738 

57,54 

0.25 

1 ,778 

56.23 

0.26 

I . 820 

54.95 

0.27 

1 , 802 

53.70 

0.28 

1 .905 

52.48 

0.29 

1 , 950 

5 1 , 29 

0.30 

1 .995 

50.1 2 

0.31 

2.042 

48,98 

0.32 

2.089 

47.86 

0.33 

2.1 38 

46.77 

0.34 

2.188 

45.7 1 

0.35 

2,239 

44.67 

0.3(5 

2.291 

43.65 

0.37 

2.344 

42.66 

0.38 

2.399 

4 1.69 

0.39 

2,455 

40.74 

0.40 

2.512 

39.81 

0.4 1 

2.570 

38.90 

0.42 

2 . (kIO 

38.02 

0,43 

2 . f$92 

37. 1 5 

O . 44 

2.754 

36.3 1 

0.45 

2.818 

35.48 
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Density-Opacity-Tkansmission Convebsion Factors.— 


IDensity 

■ 

Opacity 

% Transmission 

1.03 

10.72 

9-333 

1.04 

10-95 

9.120 • 

1.05 

11-22 

8.913 

1.06 

11.48 

8.710 

1.07 

11.75 

8.511 

1.08 

12.02 

8.318 

1.09 

12.30 

8. 128 

1.10 

12. 69 

7.943 

1.11 

12.88 

7.702 

1.12 

13. 18 

7.686 

1.13 

13.49 

7.413 

1. 14 

13.80 

7.244 

1.15 

14. 13 

7.079 

1.16 

14.45 

6.918 

1.17 

14.79 

6.761 

1.18 

15. 14 

6.607 

1.19 

15.49 

6.457 

1.20 

15.85 

6.310 

1.21 

16.22 

6. 165 

1.22 

16.60 

6.020 

1.23 

16. 98 

5.888 

1.24 

17.38 

5.-754 

1.25 

17-78 

5.623 

1.26 

18.20 

5.495 

1.27 

18.62 

5.370 

1.28 

19.05 

5.248 

1.29 

10.50 

5. 129 

1.30 

19.95 

5.012 

1.31 

20.42 

4.898 

1.32 

20.89 

4.786 

1.33 

21.38 

4.677 

1.34 

21.88 

4.571 

1.35 

22.39 

4.467 

1.30 

22.91 

4.365 

1.37 

23.44 

4.260 

1.38 

23.99 

4. 169 

1.39 

24.55 

4.074 

1.40 

25. 12 

3.981 

1.41 

25.70 

3.891 

1.42 

26.30 

3.802 

1.43 

26.92 

3.715 

1.44 

27.54 

3.631 

1.45 

28. IS 

3.541 

1.40 

28.84 

3.407 

1.47 

29.51 

3.388 

1.48 

30.20 

3.311 

1.49 

30.90 

3.230 

1.50 

31.62 

3. 162 

1.51 

32.30 

3.090 

1.52 

33.11 

3.020 

1.53 

33. 88 

2.951 

1.54 

34.67 

2.884 

1.55 

35.48 

2.818 

1.50 

36.31 

2.754 

1.57 

37. 15 

2.692 

1.58 

38.02 

2.630 

1.59 

38.90 

2.570 
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DuNaiTT-OPACiTY-XBANSMissiON CONVERSION FACTORS.— {Continued) 


Density 

Opacity 

% Transmission 

1.60 

39.81 

2.512 

1.61 

40.74 

2.455 

1.62 

41.69 

2.399 

1.63 

42.66 

2.344 

1.64 

43,65 

2.291 

1.65 

44.67 

2.239 

1.66 

45.71 

2.188 

1.67 

46.77 

2.138 

1.68 

47.86 

2.089 

1.69 

48 * 98 

2.042 

1.70 

50.12 

1.995 

1.71 

51.29 

1.950 

1.72 

52.48 

1.905 

1.73 

53.70 

1.862 

1.74 

54.95 

1.820 

1.75 

56.23 

1.778 

1.76 

57.54 

1.738 

1.77 

58.88 

1.698 

1.78 

60.26 

1,660 

1.79 

61.66 

1.622 

1.80 

63-10 

1.585 

1.81 

64.57 

1,549 

1.82 

66.07 

1.514 

1.83 

67.61 

1.479 

1.84 

69.18 

1.445 

1.85 

70.79 

1.413 

1.86 

72.44 

1.380 

1.87 

74.13 

1.349 

1.88 

75.86 

1.318 

1.89 

77.62 

1.288 

1.90 

79.43 

1.259 

1.91 

81.28 

1.230 

1.92 

83.18 

1.202 

1.93 

85.11 

1.175 

1.94 

87.10 

1.148 

1.95 

89,13 

1.122 

1.96 

91.20 

1.096 

1.97 

93.33 

1.072 

1.98 

95.50 

1.047 

1.99 

97.72 

1.023 

2.00 

100.00 

1.000 

2.01 

102,3 

0.9772 

2.02 

; 104.7 

0.9650 

2.03 

107.2 

0.9333 

2.04 

109,6 

0.9120 

2.05 

112.2 

0.8913 

2,06 

114.8 

0.8710 

2.07 

117.5 

0.8511 

2.08 

120.2 

0.8313 

2,09 

123.0 1 

0.8128 

2 . 10 

125.9 

0.7943 

2.11 

128.8 

0.7762 

2.12 

131.8 

0.7586 

2 , 13 

134.9 

0.7413 

2 . 14 

138.0 

0.7244 

2 . 15 

141.3 

0.7079 

2.16 

144.5 

0.6918 
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Density-Opacity-Trantsmission" Conversion ITactors. 


liensity 

Opacity 

% Transmission 

2.17 

147.9 

0.6761 

2.18 

151.4 

0.6607 

2.19 

154.9 

0.6457 

2.20 

158.5 

0.6310 

2.21 

162.2 

0.6166 

2.22 

166.0 

0.6026 

2.23 

169.8 

0.5888 

2.24 

173.8 

0.5754 

2.25 

177.8 

0.5623 

2.26 

182.0 

0.5495 

2.27 

186.2 

0.5370 

2.28 

190.5 

0.5248 

2.29 

195.0 

0.5129 

2.30 

199.5 

0.5012 

2.31 

204.2 

0.4898 

2.32 

208.9 

0.4786 

2.33 

213.8 

0.4677 

2.34 

218.8 

0.4571 

2.35 

223.9 

0.4467 

2.36 

229.1 

0.4365 

2.37 

234.4 

0.4266 

2.38 

239.9 

0.4169 

2.39 

245.5 

0.4074 

2.40 

251.2 

0.3981 

2.41 

257.0 

0.3890 

2.42 

263.0 

0.3802 

2.43 

269.2 

0.3715 

2.44 

275.4 

0.3631 

2.45 

281.8 

0.3548 

2.46 

288.4 

0.3467 

2.47 

295 . 1 

0.3388 

2.48 

302.0 

0.3311 

2.49 

309.0 

0.3236 

2.50 

316.2 

0.3162 

2.61 

323.6 

0.3090 

2.62 

331,1 

0.3020 

2.53 

338.8 

0.2951 

2.54 

346.7 

0.2884 

2.55 

354.8 

0.2818 

2.56 

363 . 1 

0.2754 

2.57 

371.5 

0.2692 

2.58 

380.2 

0.2630 

2.59 

389.0 

0.2540 

2.60 

398 . 1 

0.2512 

2 . 61 

407.4 

0.2455 

2.62 

416.9 

0.2399 

2 . 63 

426,6 

0.2344 

2.64 

436.5 

0 . 2291 

2.65 

446.7 

0.2239 

2.66 

457 . 1 

0.2188 

2.67 

467,7 

0.2138 

2.68 

478.6 

0.2089 

2 ; 69 

489.8 

0.2042 

2 . 79 

501.2 

Q .1995 

2.71 

512.9 

0.1950 

2.72 

524.8 

0.1905 

2.73 

537.0 

0.1862 


((7 ontinued ) 
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Den sity-Opacity-Transmission Conversion Factors.— 


Density 

Opacity 

% Transmission 

2.74 

549.5 

0.1820 

2.75 

562.3 

0.1778 

2.76 

575.4 

0.1738 

2.77 

588.8 

0.1698 

2.78 

602.6 

0.1660 

2.79 

616.6 

0.1622 

2.80 

631.0 

0.1585 

2.81 

645.7 

0.1549 

2.82 

660.7 

0.1514 

2.83 

676.1 

0.1479 

2.84 

691.8 

0.1445 

2.85 

707.9 

0.1413 

2.86 

724.4 

0.1380 

2.87 

741.3 

0.1349 

2.88 

758.6 

0.1318 

2.89 

776,2 

0.1288 

2.90 

794.3 

0.1259 

2.91 

812.8 

0.1230 

2.92 

831.8 

0.1202 

2.93 

851.1 

0.1175 

2.94 

871.0 

0.1148 

2.95 

891.3 

0.1122 

2.96 

912.0 

0.1096 

2.97 

933.3 

0.1072 

2.98 

955.0 

0.1047 

2.99 

977.2 

0.1023 

3.00 

1000.0 

0.100 


Note: —The values of density, opacity, and transmission given in Appendix C are the values most 
commonly used in photography. The table may be easily extended for other values, whi(d\, however, 
are not frequently encountered. Every time another digit is added in the density column, the corre¬ 
sponding opacity is increased ten times its value by moving the decimal point one place to the right: 
the transmission is reduced to 10% of its values by moving the decimal i)()int one place to the left. 
Thus, density 0.3 has opacity of 1.995 and transmission of 0.5012, whereas density 1.3 has opacity of 
19-95 and transmission of 0.05012. 
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mXER FACTORS 


Table I.—Filter Factors for Wratten Filters and Eastman Films 


Filter 

Ordinary 

Ortho¬ 

chromatic 

Pan A 

Pan B 

I^ui C 

Day 

Tung 

Day 

Tung 

Day 

Tung 

Day 

Tung 

Day 

Tung 

Aero 1. 

4 

3 

2 

1.5 

2 


1.5 


1.5 


Aero 2. 

18 

14 ' 

2,5 

2 

2.5 

.... 

2 


2 


Kodak Color. 

8 

5 

2 

1.5 

2 

,1.5 

1.5 

1.5 

1.5 

1.5 

K 1. 

4 

3 

2 

1.5 

2 

1.5 

1.5 

1.5 

1.5 

1.5 

K IH. 

8 

5 

2 

1.5 

2 

1.5 

1.5 

1.5 

1.5 

1.5 

K2. 

12 

9 , 

2.5 

2 

2.5 

2 

2 

1.5 

2 

1,5 

K3. 

20 

15 

2.5 

2 

2.5 

2 

2 

1.5 

2 

1.5 

No. 12. 



3 

2.5 

3 

2 5 

2 

1 5 

2 

1 5 

G. 



5 

3 

4 5 

3 

3 

2* 

2 5 

o 

B. 



8 

4.5 

12 

9 

6 

6 


() 

A. 





8 

4 

7 

4 

.[ 

2 

C4.’. 

6 

6 

9 

12 

10 

5 

12 

24 

1 2 

24 

C5. 

2.5 

2.5 

3 

3.5 

3 

5 

5 

10 

5 

10 

E. 





7 

3.5 

5 

3.5 

3.5 

2 

F. 





12 

5 

15 

8 

8 

4 

L. 



... 


20 

30 

24 

40 

21 

40 

N.. 





14 

10 

7 

7 

9 

8 

XI. 

.... 





3 

5 

C? 

X2. 






.... 




5 


OHDINAItY MatEBIALB 
Process films and plates 
Commercial film 
X-Ray film 
Safety Positive film 
Sound Recording film 
EawStman 33 plates 
Pjastman 40 plates 
Eastman Universal plates 
Eastman Post Card plates 
Eastman Lantern Slide plates 

Orthochromatic Mat trials 1 
Super Speed Portrait Ortho (AH) 

Ortho Press film 
Verichi'ome 

Wratten MetalloKraphic plates 
Polychrome plates 
Ortho Press p>latea 
Par Speed Portrait sheet film 
Commercial Ortho sheet film 
Super Ortho-Press sheet film 
Commercial Ortho plates 
S. C. Ortho plates 
D, C. Ortho plates 
Eastman 60 plates 

Pan a 

Commercial Panchromatic film 
Process Panchromatic film 
Reoordak film 

Fan B 

Portrait Panchromatic film 
Micro-file Panchromatic Safety film 
Super XX 36-mm. and Bantam films 
Panatomic X roll films and film packs 
Panatomic X sheet film 

1 Filter factors for orthochromatic materials 
for the above films and plates. 


Super XX Panchromatic sheet film 
Super XX Panchromatic Negative IG-mrn. Safely 
film 

Wratten Tricolor Panchromatic plat<\s 
Wratten Panchromatic plates 
Wratten Process Panchromatic plates 
Wratten M plates 

Wratten Contrast Thin Coated plates 
Panatomic X 
Plus X 

Pan C 

SS Pan film 

SS Pan Aero film 

SS Pan Cine Negative film 

Panatomic X Aero film 

Super XX Panchromatic Aero film 

Panatomic Bantam film 

Super X Cine Negative Panclironuitic film 

Super XX Panchromatic roll films ami film packs 

Super Panel)ro-Press sheet film 

Tiri X Panchromatic sheet film 

Cine Kodak 8 Panchromatit^ film 

Cin<* Kodak Panchromatic Negative film 

Chne-Kodak Safety film 

( hm^-KcKlak Super X Panchromatic Sa,f(dy film 
C'ine-Kodak vSuper XX Panchromatic Sandy film 
Cine-Kodak Eight Super X Parudiroma t ic Saftdy 
film 

Background I^anchromatic Motion Pc.ittiK* N(^gn- 
tive film 

Plus X Panchromatic Motion Picture Ni'gative 
film 

Super XX Panchromatic Motion Pi<dair<^ Nega¬ 
tive film 

Back^ound Cine Negative Panchromatic 
Fine Grain Duplicating Negative Panchromatic 
Panchro Press film 

not listed will vary only slightly from those giv(m 
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Table II.—Filter Factors for Leitz Yellow and Green Filters 

The yellow filters serve to render correctly the colors in conjunction with the more or less sensitized film. For instance, they enable one to capture cloud effects 
when photographing landscapes. The filter factor for the exposure becomes less in proportion to the degree of sensitivity of the film. 

The filter factors for the exposure are approximately as follows: 
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G-O 
G-1 
G-2 
G-3 
G-4 
B-40 
11 R«65 
tj 11-50 
R-10 
R45 
R-20 
R-30 
ZeisH L 
ZtURs D 
//assG 
Ztass R 
Bor- 
aotjir 


Eahtman Kodak (Company 


No, 17. OiiniNAHY Matk- 

UIAL8 

ProccHH Plates niul Films 
('onnnercial Film 
Motioti Picture I^ositivo 
Film 

33 inat (^ 

40 Plates 
Uiiivorsal Platen 

No. IS. OllTIKXUmOMATU'™ 
Type A 

Regular N. V, Film ^ 

Par Spe(Ml Portrait Film 
C'ommenual Ortlio Film 
Polychrome Plate 
C \)rnm<^r<’ial Plat<^« 

S. (\ Ortho Platen 
l>. (\ Ortho Phiim 


No. 10, Ortmocuihomatic-- 
Type B 

Super Speed l^ortrait Film 
51) IHaten 

No. 20. OUTIIOCHROMATIC 
Tyvis 0 

Super Speed Portrait 
Ortho (AH) 

Ortho PrcKH Film and 
Plates 
Verichrome 

No, 21. I^ANdlHOMATIC 

Type A 

('ommercial Panchromatic 
Film 

ProcesH Panchromatic, film 
(’ine Kodak Pamdiroinatic^ 
Film 


No. 22. PANCHEOMATir— 
Type B 

Super Sensitive Pamdiro- 
matie Roll Film 

Portrait Panchromatic 
Film 

Wratten Panchronmtic 
Plates 

Wratten Ih'Oi^eHs Panchro- 
rnati(^ Plates 

No, 23. r*AN(MIKOMATU'-- 
Type C ^ 

Super Sensitive Pamdiro- 
mati<^ (hit Film 

Super Sensitive Ihinchro¬ 
matic Aero Film 

Super Sensitive Panchro¬ 
matic (’ine Negative 
Film 

Super Sensitive I'anchro- 
matic ('ine Kodak Film 


Panatomic Roll Film 
Panatomic Safety Cut 
Film 

Ihinatomic Aero Film 
Super X Cine Negative 
Panchromatic Film 
Cine Kodak 8 Panchro¬ 
matic Film 

('ine Kodak Pam^hromatic 
Negative Film 
Background Cine Nega¬ 
tive Panchromatic 
Ihinehro IVcss Film 
Wratten Hypersensitive 
Ihiiudiromatic Mates 

No. 24. Infha Rfd 

Cine Negative Pan K 
A (TO Pan K 
Rid-aiu Pan K 
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WESTON FILM-SPEED RATINGS 

The film-speed ratings given in this appendix are those compiled by the Weston Electrical Instru¬ 
ment Co. In conjunction with suitably calibrated exposure meters these ratings may be used to deter¬ 
mine correct exposure. However, it should be recognized that processing conditions and errors in 
shutter speed or aperture may make it necessary to deviate from these speed ratings in order to obtain 
the best negatives. T indicates tentative value subject ;to further test . : 

. ' : Film. Listing : 

The number given for each film in the listing on this sheet represents a group of three consecutive 
emulsion speeds. For the sake of siinplicity> the group number listed is the mean value for the group, 
and is the rating to use for those who have had no previous experience with the film or who do not know 
what developer will be used* 

The following table shows the group ixumber and the three emulsion speeds that it rei>resents* 


Daylight 


Speed Range 

Group Number 

160—200—250 

200 

80—100—125 

100 

40— 50— 04 ' 

50 

20— 24— 32 

24 

10— 12— 10 

12 

5— 0— 8 

G 

2.5— 3— 4 

3 

1.2—1.5— 2 

1,5 


Tun gs ton 

Speed Range 

Group Niunber 

100—125—160 

125 

50— 64— 80 

64 

24— 32— 40 

32 

12— 10— 20 

16 

6— 8— 10 

8 

3— 4— 5 

^ 4 

1.5— 2—2.5 

'2 


Rolls and Packs 

Daylight Tungsten 

Group (5 roup 

No. No. 

Agfa 

100 Superpan Press.. - .. . .. (U 

50T Super Plenachrorne.... . .. 32T 

24 Kinopan. KJ 

24 Pleiiachroine. 1(> 

12 Standard. 4 

24 Superpan. U* 

I3a.stinan 

100 Super XX. 04 

24 Verichrome. 10 

24 Panatomic X. 10 

12 N. C. 4 

Gevaert 

24 Panchromosa. 16 

12 Express Superehrome. 4 

850 
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Miniature Camera Films 

Dayli^i;ht 

Group 

No. 

Agfa 

100 Ultra Speed Pan . 

Tungsten 

Group 

No, 

. . r»4 

50 

Superpan Supreme . 


24 

K. G. Pleiiaehrome ... 

« 

24 

Piiiopiin . . ^ 

1 

24 

K. G, Rev. Superpan . 

. 10 


Du Pont 


24 

Superior . 

1 (\ 

12 

h\ G. Parl^an . 

R 

(> 

Mieropan... 

4. 


Kaatniaii 


TOO 

S.uper XX. 

(\4 

50 

Plu« X. . . 


24 

Super X. 

1 0 

24 

Paiuitoinie X ... 

1 O 

24 

Paiuitoniie . 

1 ft 


Mierofih^. .. . 

0 25 


Geviiert 


12 

U X p r (S u p (u- e h r o n . 

4 

12 

l^aiurhroinoHji . 

. . . . H 

12 

Paiudiroinowii Micu'ograiu . .. 

. -1 


I^erutz 


12 

r*(‘roiuni!i . 

8 

12 

N(*o Pcu'Htmso... 

4 

12 

I *eir>ant.i(j. 

8 

(> 

P(‘r|i:rano. 



PoirruAri’ ani> C^ommioucial 



Atrfa 


100 

4''ripl<* S Pan. . . 

f ;.t 

50 



t>4 

S. S. I4lu... 

1 

21 

Sup<*rpan Pert rait. 

. 1 () 

24 

S. S. Pli'ua. 

. 1 (i 

24 

( Joniniereial 14in. 

. ... 1 (i 

12 


8 

12 

( ’oinniei-eia 1 < )i ( ho. 

. 8 

12 

( ’oiunKUcia 1. 

... 4 




2 1 

X. 1''. I’nti. 

1 (i 

24 

X . h\ ( )rtho. 

. 10 

24 

14)i4rai 1 H . ( J . S . 

1 (> 

24 

P(*nl a K<m . 

. l(i 

24 

I''. li. I‘!in . ! . 

1 U 

2 1 

Se<Mi 27 Pla.l<‘ . 

. 8 

12 

14)r’( rai t . 

. . . . 4 

12 

( 'oiuiiiercial . 

. . . . . 8 

12 

S<‘(m1 h < )rt ho Pla 1 <* . 

. 8 

12 

S<‘e<l 2(i \ Plat.f' . 

. 8 

12 

SecMl L Nil Pln((' . 

. 8 

12 

Stanh^V U('K. PIat<^ . 

8 

12 

Stanley lOx. Imp. Plal<‘ . .. 

. 8 

12 

Standard <)rth<>non Plate. 

. 8 

{\ 

S<‘ed 2.4 Plate . 

•> 


I0a,Ht,ma.n 


I 004' 

4'ri- .\ I ^inehromai ie . 

. 044' 

1004’ 

()rt 1h>-X . 

. fppi' 

504’ 

Sup('r X ,X ... .. 

. 324' 

24 

S. S. < )r t ho port .... . ... 

. 10 

24 

S. S. Pun . 

. 10 

24 

Portrait Pan . 

. . .. 1(4 
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Daylight 

Group 

No. 

24 

24 

24 

12 

12 

Plates 

24 

50 

24 

24 

24 

24 

24 

24 

12 

12 

24 

12 

(i 

24 

24 

24 

12 

12 

12 

12 

0 

24 

24 

24 

24 

12 

12 

12 

12 

12 

12 

12 

0 

3 

3 

3 

3 


100 

100 

50 

50 

100 

100 

50 

50 

50 

24 

24 


Tungste 

Oroui> 


No. 

Commercial Pan. 10 

Par Speed Portrait. 8 

Panatomic X. 10 

Commercial Ortho. 8 

C om m e r ci al. 4 

Polycrome Plate. 8 

W <& W Tri Color Plate. 32 

50 Plate. 10 

40 Plate. 8 

D, C. Ortho Plate. 8 

S. C. Ortho Plate. 8 

33 Plate. 4 

Universal Plate. 8 

W & W Pan Plate. 8 

Postcard Plate. 4 

Commercial Plate. .. 4 

W & W M Plate. 8 

W <& W MetallograT)hic Idate. 4 

Gevaert 

Studio liigh Speed. 10 

Sui>erchrome. 8 

Ultra Panchro Plate. 10 

Studio Ultra Ihinchro. 8 

Coinniercial Ortho. 8 

Coniimucial. 4 

Sensinia Ortho Plate. 4 

Super Chroniosa Plate. 4 

Hammer 

Tru 'Foiie Pan. 8 

Portrait Ortho. 4 

Spt'cial Plates. 8 

Hu]>er Senwitiv( h'tlio Phite. S 

CommcMcial Pa . S 

Medium Cornnnu'cial Ortlio. 2 

Medium Ch>rninercial. 2 

C^ornnier<4al Pan Platen. 4 

Kxtra h’ast Plate. 1 

Medium Ch)mrner<aal Ortho IMatt*. 1 

Medium C^onunercial Plat<*. 2 

Soft (Jradation Pan Plate. 2 

Slow. 1 

Slow Ortho. 1 

Slow relate. I 

Slow Ortho Plat(^. 1 


PrBSS 


Super pan IhoHs. 01 

Sup(u- Pleonchronu^ Pri'ss. 32 

I >t4ender 

X. h\ Ort-ho Pre.ss... 1 (> 

X. P. Paa Press. 32 

Hast, in ail 

Suixu' Ihuichro Press. 04 

Super Ortho Pre^sa. 32 

Panchro Prews. 32 

Ortho Pre^HK. 10 

Ortho Press Plate. 1 (> 

Gevaert 

Super Press Plate. !(> 

Ultra Panchro Press. 15 
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Group 

No. 

24 

3 

Hammer 

Super Ortho Press. 

Process Fiem 

Agfa Process. 


Group 

No. 

4 

2 

3 

Defender l^rocess. 



1 

2, 

3 

Defender Process Pati. 



3 

Dastinan Process.... . 



1 

3 

Hast man Process Pan. 



1 

1.5 

l^astinan Process Plates. 



0.5 

3 

Hammer l^rocess. 



1 

3 

Hammer Process l^au Platt‘. 



2 


1() nun. M. P. 

Fii.m 



lulin for 

nu)tion-i)i(d.ure cameras is processetl by the manufa(d.iir<*r. C hmse 

(piently, this film is rated 

in fcjinpile nuuihorH only. 




Daylight 




Tungsten 

Group 




Grou p 

No, 




N o. 


Aftfu 




1004' 

Triple S. Buperpan Rev. 



<)4T 

24 

Super pan Rev. 



1 (> 

24 

Hypan Rev. 



K) 

H) 

Paiudiromatie Rev. 



1 2 

12 

h’, G. Phnuudironu^ R<*v^. 




(i4 

Supcupan Supreme N<‘g. 



40 

24 

h'inopan Neg. 



1() 


Du Pont 




32 

Sup<‘rior Pun Nc‘g... 



20 

12 

H<‘gtilar Pan N(‘g. 



8 


Fast !uan 




100 

Sup<*r XX Pan I{('v. 



i'A 

2 1 

Super X Pan. 



I 0 

12 

C'iix*' Kodak Suf<‘t\. 



8 

100 

^^Measur<*nx*nt. 



<i4 

t'or product ioti h1u<1>’. 










()rt ho. 



(> 

2 1 

Pa iiiduo Sipx'r H ev^. 



1 (> 

1 2 

h’. ( *. 1 *aiH*hro Hv. , . . . 



8 


S nini. M. P. 

h'l h.M 



8 

h'il rnoim n..... 



r> 

S 

K<U'Mtone K~8. 



r> 


hhisl nia n 




S 

< ’ine'" Kodak H('g. Ihin . 



5 


liA’I'INCS (%>I 

A):t h'lbMs 



SiruM? <*()l()r filtii luiint l>4» pro<*4*HH(Ml uudcz’ iijircful!>' r 

'on ( rolhx! cond i t ions 

and, also, siiua* exposure 

uiuHt lx* ('xa<d. in ord<M' to obtain color rcuidilion, 

<x)l{>r film is rat (m 1 in 

single numlx 

u’s only :in<i 

not in hhxdvH. 




KoDAtMlUOMK 







I )ay Ilgld. 

Artilic.ial 

Roll Film 





8. ii>, 3r> 

nirn. It(»gidnr. 


H 


H. 35 

rnrn. A ^ ^ 



I 2 

Profcvsnional Film 




Daylight 

'ryp<>. 


r> 


4'ypc H. 



11 

Ott 

With 

filter. 




t XOxposed through Wratten h'ilt cr No. HoH. 




tt tfned in Mazda ordy. 
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DtJFATOOIwOR 

Dayliglit. Artificial 


lioU Film 

Daylight (no filter).. .. .. .. 8 

Daylight (with daylight green filter). G 

Photohood or Photofiaah (lA filter).. ... 3 

Mazda (IB filter)..1 ....... .. . . , 2 

Above values include the filters recoininended by the manufacturer. 

Tentative Ratings for DxTFAYooBoit Cut Firms 

Daylight (ID Filter).. G 

Daylight (3D Filter) in Photoflood. ... , 3 

Daylight (4D Filter) in Mazda. ... 3 

Photohood (IFF Filter).. 4 

Photoaood (3PF Filter) in PhotoHood. 4 

Photodood (4PF Filter) in Mazda... ... 2 

Defender 

Dupac..... 0 12 

Tribac*. 1 . T) 3 
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A 

Abbe apertometer, 77()”-779 
Abbe number, of kUish, 40 
Aberration, chromatic, 28, 30-31 
spherical, 28-™3() 

Acceptance angle, in phoicx'lect ric exposure 
meters, 255 

Achromatic lens, 30^-31, 37 
Actinometers, 249 

Adclitive«color process (nee ( V)lor procesHt^s) 
Adurol. 322 

Aerial photography, 708-732 
contour ma|)ping, 729-731 
laboratory operations, 720-721 
oblique pictures, 715-716 
rectification in, 722-723 
requirements of, 708 714 
vertical pictures, 71()-72() 

Aerocartograph, 731 

Agfa screen (*.olor plat(% ()r)5~-6r>f) 

Airy <lisk, 25 
Amidol, 324, 335, 337 
Amiuophenols, 322 
334 

Anaglyphs, 583 584 
Angle of vi('!W, 5 
Antiluilation backings, 124 125 
A pert (>m(d-(M‘, Abbe, 77(>”~779 
Ai)<u‘tur<\ of niieroH(U)p(‘s, mimerieal, 773 775 
Apcu’turt^ and <‘xp<)Hur(‘ ratio, 19 -20 
Ap<M'ture ratio, nuMisureinent of, 20 
Aperture stop, (4T(M*t on c'xposure, 219 220 
Ar<\ light-distribution diagram of high-iut(uisity, 
692 

Artigue printing j>ro(’(»HH, *193 
Astiginat-ism, 28, 32 33 
Astrometry, 750 
Ast.ronornicnil {see b<‘nH<'s) 

Astronomical photograph.v , 733 761 
(»xposur(\s for, 7 17 7*18 
l(MiH(^s for, 737 741 

measuring phologrnphie plut(‘ in, 750 751 
meehani<uil aids for following ('(destiul objc(’ts, 
736 

mountings for, 736 
photographic plates for, 744 717 

B 

Rack focal distance, 16 
Barium glass, 40 
Barrel distortion, 31 
Bausch and Loinb (nee Lenses) 

Bell and Howard photometer, 249 250 


Bellows, effect of extending, 20 
Binocular vision, 577 
Bleach, catalytic, 150 
Blisters on negatives, 529 -530 
Box-camera shutter, 98 
Brightness, of optical irnag<‘s, 18 
Bromoil printing, 497-505 
Buffers, 340 

Bunsen and Koscoe, re<ut)rocity law of, 128 

C 

Chimeras, (>8-96 

accessories for, 80-93 
view finders, 80-82 
ndjtistmetils in, 78-80 
for aerial photography, 712-714 
basi<^ eI<Mn<‘nts of, 68 - (>9 
box, 71 72 

color-|)hotography, 621 "629 

Ch)nta(l(‘x, 76 

(■ontax, 76 

as (mla i*g(M‘s, 134 

Bxakta, 76 

folditig, 72-73 

CJraflex, 74, 78 

hand, 73 

high-speed motion-iuc^ma^, 7(56-768 

idcmtificalion, 78 

as intc^grated units, 5 6 

Leiea, 76 

rniniatun*, 75- 78 

motion-pictur<‘, (>80 (>85 

opti(ail and mechnni(*ul r(^<iuir(*m<mt,s for, 7(>, 78 

pjuioranni, 78 

pinhoh*, 25 2(), 69 71 

U.(H*.or{lak, 77, 78 

recroraling, 78 

recit.ifying, 722 

reflex, 71, 7*1- 75 

Robot, 78 

roll-film, 72-73 

Schmidt, 740 

se<pHum(% 78 

Hingh'-<'xpoHur(* high-spcxal, 762 765 
Speed (Iraphic, 73 
s(ereoHcop(', 78, 579 580 
studio, 73 74 

Twinitieth (hnitury-Lox silent, 682 
IMca. 71 
universal, 75 
view. 73-74 

C'ainera-ol)j(')et r<‘lati(>nHhi])s, 93^96 
(’arl)on arc.s, 285-286 
<'arbon i>rinting, 4(56 474 
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Carbro process, 150, 474-“478, 629-640 
Carbro solutions, 631-636 
Chloride paper, H and D curves for, 142 
Chromatic aberration, 28, 30—31 
transverse, 28 

Chromatic difference of magnification, 28, 31 
Chromatone, 645-648 

Cinematography {see Motion-picture photog¬ 
raphy) 

Circle of confusion, 23 
Clouds, printing in, 430 
Coelostat, 743-744 
Color control table, 442 

Color correction, of microscopic objectives, 
775-776 

Color filters, graduated, 303 
Color index and visual magnitudes, 753—754 
Color photography, 7-9, 616-662 
cameras for, 624—629 
emulsions for, 148—149 
negative materials, 148-149 
positive materials, 149 
Color plate, Agfa screen, 655—656 
Color processes, additive, 7, 148, 654-660 
carbro, 629—640 
chemical toniug, 645—648 
Chromatone, 645-648 
Ouxochrome, 648-651 
r>yebro, 645 

dye-mordanting, 652—053 
Eastman wash-off relief, 640-643 
Finlay, 659-660 
ICodachrome, 151, 611 
Pinatype, 643-645 
subtractive, 8-9, 148 
Technicolor, 150, 660 
toning, 150-151 

Color response, determining, 184-“190 

Color separation, composite photography I)y, 703 

Color-separation negatives, 617-629 

Color transparencies, 653—660 

Coma, 28, 30 

Comets, photographing, 75$ 

Composite photography, 703-704 
Constringence, 40 
Contour mapping, 729-731 
Contrast, 420 

effect of development on, 142 
maximum, 179 

in negatives, incorrect, 520-521 
paper, 142-145 
in prints, incorrect, 539 
Contrast control in prints, 4*10 
Contrast filters, 311-313 
Conversioii factors, tables of, 835 838 
Coupled range finders, aceurac^y of, 89 
Curling of prints, 409-410, 5*13 
Curvature of lens field, 28, 33 
Cut films, identification of, 137-138 

J ) 

Darkroom, equipment for, 565-569 
general characteristics of, 561-565 
paints for, 563 
radiographic, 832-833 


Davis and Gibson liquid filter, 155, 160-161 
Densitometers, 171—177 
Density, determinations of, 167-177 
diffuse, 169-170 
filters, neutral, 307 
fog, 181 

negative, incorrect, 522—523 

optipal, 12$ 

print, incorrect, 540 

printing, 171 

range of papers, 201 

specular, 169—170 

table, 840 

Depth of field, 90-92 
table for, 92 
Developers, Adurol, 322 
‘ Amidol, §24, 335, 337 
aminophenol, 322 
P-, 334 

color-forming, 375,-377 
Diphenai, 324 
Duratol, 324 
Eikonogen, 326 
Elon, 335 

ferrous oxalate, 310 
glycine, 323, 335, 36$ 

Hydramine, 327 
hydroqiiinone, 320, 328, 334 
inorganic, 319 
litho, 369 
Metacarbol, 337 
Meritol, 328 
metol, 334—335 
metoquinone, 327 
Monomet, 323 

motion-picture, 363-3(>(>, 701-702 
MQ, 367-368 

with organic reducers, 310ir. 

Ortol, 328 
pH of, 340 

phenylenediamino, p-, 323, 337 
Piral, 328 
polyphenol, 321 

portrait and comtnei cial 3f>5-368 
printing paper for, 370 
Pyramidol, 324 
pyro, 320 
pyro-soda, 366 
Rodinal, 334 
for X-rays, 371-372 
Developing agents, hlm'-blsiek, 344 345 
methods of identifying (table), 33() 
Developnient, 6, 318 377 
accede rat or in, 339-341 
aerial fog, 342 

agitation and ciicuialion s,\'sl(uuw in tai 
355 357 

alkaline agents for (tal)Ie), 34 1 
brushed, 355 

buffered borax formulas for, 340 
change produced by, 346-347 
chemical, 318^, 
defects in, 361—362 
Eberhardt effect, 362-363, 754-755 
fine-grain, 345-348, 371 
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Development, formulas for, 363 
hand-afsiitatiou, 354 
hardeners for, 343“-344 
high-temperature, 372 
induction period in, 348 
influence of agitation on, 353 
inspection methods of correct, H58 
Maokie line, 302-363 

organic compounds for (table), 329 *333 

physical, 318, 373-^374 

preservative, 337-^339 

process of, 368“-369 

quantitative studies of, 348-350 

rapid j>roe(‘ssinK, 373 

reduction i)Otential, 337-338 

restrainer, 341 --343 

reticulation, 303 

reversal, 372 

roll-film, 370 

silver halide soUnmts in, 344 

squeegee, 355, 350 

stagnant, 354 

tank, 355-357 

teaspoon, 335 

techniqm^ of, 351-377 

temperature control in, 351 3^>.l 

theory of, 318-350 

t imc-t (‘inpiu at \ir(*, 359- 3<»() 

toning by dirt'ct dcvelopuH'iit, 151-155 

tray, 354355 

tropicnil, 344 

t wo-Holution i)roc('HHeH, 34 0 
V(4o(dt,y coiistant, 337, 348 
windshi<4<l-\vip<M‘ and hods in, 355 
T )(*velopmen( f(')g, 518 519 
DifTraction, \~riiy, 831 832 
OitTusion, 139 
DilTusion at t achrmaits, 23 
I')IN spci'd systcni, 192-193 
I )iph(*iial, 32 1 
l)istniic(‘, back fo<’al, 10 
h>'p<u’focal, 25 
J )isl oi t ion, 28, 31 -32 
barr<‘l, 31 

corr<Md ion of, in enlarging, 4 M) 
pincusbion, 3 1 

I )<)cum<‘nt ar.v' phot <>graph.\', \il t mi viohd , 000 (102 

I lodging, 4 38 

Doily (ri>t a inbula I oi), 084 

Drying, 407 409 

b>' ul(‘ohol and ether, 408 
curling of prints in, 409 1 lO 

prints, 109 

(Nee (iL'io h'ixing, washing, <lr.\ iiufj 
Dufayf'olor film, 14 7, 050 059 
J >urat <)l, 324 
1 )u\o(’hi oirn*, 0 18 051 
D,\'e toning, 103 405 
I).\<4)ro color proe(*HH, 0 15 
basi<‘, for toning, 40 1 
typ<^s of, 120 

10 

lOastinan wa,sh-o(T rcdief, 040 -04 3 
Ebtuhardi (‘ff<'ct , 302 303, 751 755 


Eclipse photography, 759—701 
Eder-Hecht speed rating, 192—193 
Eikonogen, 320 
Elon, 335 

Embossing prints, 440 
Emulsions, choice of negative, 133-134 
in color i)hotograr>hy, 148-149 
double-coated, 124—125 
grain structure of, 118-119 
hyper pan chromatic, 131 
negative, 130-138 
orthochromatic, 131 
orthopancliromatic, 131 
over coated, 125 
panchromatic, 131 
photographic, 22 

physical properties of, 120-121 
}> 08 itive, 138-146 
resolving power of, 23-24, 131 
reversal, 140—147 
spectrograms for paper, 141 
Emulsion fog, 519—520 
Emulsion speed and contrast , 132-133 
Emulsion supports, 121-125 
Enlarger, camera as, 434 
condens(»r, 43^)-432 
difTusion, 432 
(ix(Mbfoc-us, 429 
variabl(»-focus, 4 20 130 
Enlargement,, d<M)t li of focus ainl, 25 
imuisuring <l(*gr(M‘ of, 431 -435 
of negaliv<*H }>y rc.^viusal, 418 
Enlargiummt formula, 432 
hlnlarging, distortion c.oiracrtion in, 4 10 
<'xposure rnetins in, 436-437 
hlnhirgiiig hnjses, 35 
Enlarging and raMlucing t.jihles, 433 
I'hilrniice pupil, 18 
hlxit pupil, 18 

J0xposm'(*, for astmiiomietil photography, 7 1,7 74 H 
(U'linit ion of, 211 212 
(4Te<4 on, of (*xt(*nding bellows, 20 
elT<M4. of lamp v<jU.ag(‘ ur>on, ‘135 
facdors nlTcnO ing, 2 1 (,i 217 
nudhods of d«d,ernuning, 228 
for motion-picture* photography, 245 2 18 
for n<*a,r-by objcMds, 227 228 
ov<*r-, 178 

photo(':hemi(\n[ action duidng, 208 209 
pra(d.i<%al ('onsiden’aI ions, 2 17 
sruMdral semsit i vit > bearitjg c)n, 223 
with sui)ph*m('ntah*iis(*s, 224 225 
with tidc^pljoto l(‘ns<*H, 225 226 
tcssDslrip met hod of d(d <u'nuning, 136 
umhn-, 177 178 

use of diaphragm apeut ure in (hd.erndid1 1 g, 2*49 
I<ixiH>sur<* a,ids, 228 229 
hixpo,sma* and apertuia^ ladio, 19 20 
lOxposma' enahudatoi’H, 246 248 
lOxpOMiuM* d(‘vi(‘<*s, 208 2f>0 
Exposure* elisk, Ze'iss Diaphot, 250 
Exposure' Int it ude, 13 1, 178 179 
in proe'<*ssing f>tint,M, 140 4 1 1 
Kxpe>Hure' riK'te'rs, 249 260 
Bi'wi Sr.. 25 1 
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Exposure meters, brightness-range method of 
using photoelectric, 257—258 
characteristics of American photoelectric. 

256-257 
Cinephot, 250 
comparison of visual, 252 
in enlarging, 436—437 
General Electric, 253 
InstosGope, 250 
Justaphot, 250 
beudi, 250 

limiting acceptance angle in photoelectric, 255 

Mini-Photoscop, 255 

operation of photoelectric, 254—255 

photoelectric, 253—260 

scale calibrations of photoelectric, 255 

Weston, 253 

Exposure I'ange of paper, 201-204 
Exposure scales of paper, 144 
Exposure tables, 229—248 
Exposure time and film speed, 214—2 L6 
Eye, spectral sensitivity of, 156 

F 

/-number, 219—220 
Fades, 705 

Fading negatives, 527 
Ferrotypiiig, 410—411 
Ferrous oxalate, 319 
Field, depth of, 23—25, 90—92 

Films, characteristics of, motion-p^icture, 665—680 
dimensional standards for 35-mm. and 16-mm., 
137, 664 

Eufaycolor, 147, 656—659 
identification of out, 137—138 
motion-picture positive, 139 
overcoated, 125 

positive for motion pictures, 678—680 
spectrograms of, 127—128 
stripping, 125 
X-ray, 148 

h^ilm-base characteristics, 122—123 
Mlm speed, and exposure time, 214—216 
Film-speed ratings, Weston, 850—854 
I'ilrn-speed relations, equations for, 2 15 
Filters, 292-317 
care of, 308-309 
cementing, 310—311 
classihcation of, 311—316 
compensation, 311, 312 
contrast, 311—313 

Davis and Gibson liquid, 155, KiO—16L 
effect of thickness of, 296—297 
equalizing, 311, 312 
graduated color, 303 

image brightness as function of, 214 
for incandescent light sources, 160—161 
for infrared photography, 604—606 
monochromatic, 312, 315—316 
in motion-picture photography, 693—697 
mounting, 309—310 
neutral-tint density, 307 
polarizing agents as, 303-307 
Polaroid, 12 


Filters, properties of, 295—296 
safe»*light, 141, 312, 316 
separation, 311, 313—315 
theory of, 292—301 
types of, 301—305 

for ultraviolet photography, 597—598 
use of several, 297 
Filter factor, 128, 220, 298, 300-301 
tables of, 132, 8461—849 
Fine-grain developers (see Developers) 
Finger marks on negatives, 526 
Finlay color process, 659—660 
Fixing, 6 

chemistry of, 380—381 

practical considerations in, 380—391 

purpose of, 380 

Fixing, washing, drying, 378-411 
Fixing-baths, 383-399 
acid hardening, 385—386 
composition of, 386—389 
plain, 384—385 
reducing action of, 392 
Fixing-bath troubles, blisters, 392—393 
dichroic fog, 393 
failure of hardener, 393—394 
milkiness, 394 
scum, 394—395 
shidging (see milkiness) 
stains in negatives, 395-306 
water-suprdy difliculties, 396-399 
Flare spot, 22 

Flash guns, wynchr(’)nized, 93 
Flashlight powders, 238, 288 
Focal length, 14 
choice of, 28, 96 
measurement of, 17 
of telescoj)e, determining, 748 
Focal-plane shutters, 106—109 
efficiency of, 112—115 
of Con tax, 112 
of beica, 111 
Focal points, 1 5 
Focus, depth of, 23-25 
Focusing, 79 
J^'ocusing scale, 82-83 
calculation of, 15 
Focusing system {see l^enses) 

Fog, aerial, 342, 517 

antifogging comi>ounds, 343 
development, 518—519 
dichroic, 517-518 
emulsion, 519—520 
light, 520 
local, 520 
in prints, 539 
Fog density, 181 

Fresson printing process, 479, 493—497 
Frilling, 531 
in prints, 543 

G 

Gamma, 179-180, 420 
reproduction, 701 
time, curves, 181—183 

I 
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Gamma infinity, 181-182 
Gelatin, photographic, 117 
Gelatin backing, 123-124 
Gelatin relief color proceBfi, 648™65i 
Geologic field photography, 799-803 
Ghost image, 22 
Glass, Abbe number of, 40 
barium, 40 

index and dispersion of, 40 
Glass plate characteristics, 121-122 
Glycine, 323, 335, 308 

Gradient si)eed, minimum useful, 195-190 
Grain structure of emulsion, 1 18-119 
G raininess, 129 
Grating mountings, 813-814 
Gum printing, 480-493 

H 

// and Z), characteristi(^ of, 134, 177 
curves for chloride paper, 142 
llatution, 525- 52(i 

Half-tone engravings, prints for, 437-438 

ilalide crystals, silver, 118 119 

liarcourt ijcntane lamp, 155 

H ar<i(^ n e rs, 343 -344 

Hardeming fixing bath, aciti, 4 14 

Harmonizing, 559 

Hurttnann mierophotonuder, 752 

Ifarvard 8ky Maps, 738 

H<4n(U' lamp, 155 

H<4iost-at, 743 

High“SptMal photography, 702 709 
H.vdi'ainin(‘, 327 
Hydro<punon(\ 320, 328, 334 
Hyi><afo<aiI distaiuM', 25, 90 91 
i I y IX‘rs U* i*<M )s(* op y, 588 

Hypo, (*h*ctrical imdhods of t<*sting, 405 
eliminators, 407 
t<*Ht. solution ft)r, 404 405 

I 

Hill minat ion, brightiu'ss <4 optical, 18 
(h'pth of foeos in, 2 1 
(1 ist a nee <>f, 1 5 
ghost , 22 
r<‘versal of, 522 
size of, 1(> 
of sloping object, 17 

variation of illumination ov(M' imag(\ 20 21 
Imag<* In igli t iH'ss, as function of (ilttu*, 211 
of oi»ti<*al syst(*rns, 212 211 
I mag<* toiKU of print s, 145 
Imbibition pro(*eHs, 150 

Ituntia, of pilot ogra ph ic mat<nial, 180 181 

I mat ia.“Hpe<Ml ratings, I9:i 195 
Infrai‘(al, sources of, (>03 004 
InfrariMl pbotograpby, 002 01 1 
ai>pli<attions of, 0 10 (> 1 4 
filt.crs for*, 004 00(i 
UuiHC'H for, 49 
metluxls of, 008 0>10 


Intensification, 547-554 
local, 559-560 
proportional, 550 
subproportional, 550 
superprop or tional, 550 
Intensihers, characteristics of common, 549 
chromium, 551-552 
mei'cury, 552—553 
negative gradient, 551 
physical, 553 
p osi ti ve g rad i e n t, , 551 
silver, 553 
\iranium, 553—554 
zero gradient, 551 
Interinittency effects, 10 I — 102 
Iris diaphragm, 18 
Ives stereo system, 590-591 

J 

Javelh' “water, 490 

K 

Kodachrome, 151, 661 
Kodak (see benses) 

Kodak couphxl range tinder, 85-80 
Kodak po<*ket rang<‘ finder*, 84 85 

b 

Tramps, carbon ar c, 285 280 

(X)ntrolling light output, of, 284 285 
phototlash, 280 288 
photoflood, 282 285 
volt jig<‘ <‘rfe<*t, 158 100, 135 
bantru'n sli<ic‘s, 139, 449 450 
b<M(ui c’ouiihxl rarig(‘ lindiu', 80 87 
b<‘nst»H, absorption and irthudiou in, 220 227 
:nrhroinati<\ 3t) 31 
n<diou of, 13 
a(M’o, 49 
Agfa, 54 
Aldis, 44. 54 
A Ivan ( 3a,i*k , 4 4 
anainorpliii*, 50 

ariast iginat, pr incipal typ(*s of, 53 07 
angular fi<4(l of, 27, 33 34 
AI liana t, 39 
a po<4iroinat ic, 31, it) 

Ast i'O^t JeselIsehaft, 54 
Ast I'o 4'aehar, 13 

astronomical phot ogra r>hic, 5 1, 737 74 1 

Hausch ainl bomb, 55 

Bausch and bomli Aet*<>, 13 

Baus<'h and bnmb Meti’ogon, 4 1 

Baus<4i and bomb Blast igrnat fioi trait, 52 

Bausch and bomb lt:i,\ tai’, 15 

B<*ek, 55 

Beck Ihplana t , 53 
B(M’k B.\*st ignia r, 42 
Ih‘ck Isosligmai , 52 
B<*ck Nmist igirnu 43 
lieek Bortrail lOrilunat, 53 
Ihadc Syrmnet rical, 53 
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Lionses, Berthiot P6rigraphique, 53 
Boyer, 55--56 
Bruce Doublet, 737 
bubbles in, 22-23 
Busch, 56 
Busch Bistelar, 47 
Busch Leukar, 42 
Busch Onanar, 44 
Busch Pantoskop, 38 
Busch Rapid Aplanat, 53 
Busch Rapid Symmetrical, 53 
Busch Stigmar, 42-“43 
Busch Wide-angle portrait, 53 
calculation of, 13 
cleaning of, 23 
combination of two, 14—15 
concave, 15—16 
condensing, 431—432 
Cooke, 43 

curvature of fields of, 33 
Dallmeyer, 56—57 
Dallmeyer Adon, 51 

Dallmeyer-Bergheim diffuse portrait lens, 50 

Dallmeyer Dallon, 47 

Dallmeyer Pentac, 40 

Dallmeyer Rapid Rectilinear, 53 

Dallmeyer Stiginatic, 52 

defects in, 28 

double-protar, 41, 42 

Dynar, 46 

enlarging, 35, 49 

equivalent refracting surface, 14 

Ernostar, 45 

exposure with single elements of, 225 

exposure with supplementary, 22-1 225 

Pleury-Herrnagis Eidoskof), 53 

focal length of, 14 

for astronomical photography, 730 

for roll-film cameras, 73 

and focusing system, 4-~ 5 

four-piece, 44-45 

Friedrich, 57 

Coers5, 57 

(roerz Alethar process, 44-45 
Ooerz Cel or, 44 

Coerz convertible anastiginat, 4 1, 42 

Coerz Dag or, 41, 42 

Cloeris Dog mar, 44 

Cloerz Lyrikeioskop, 53 

Goerz Pari tar, 41 

Cloei'z Parai:)lanat, 53 

Goerz Telegor, 48 

Guridlach-Manhattan, 58 

Cxundlach i^erigrai>hic, 42 

Guildlach Radar, 40 

Harrison and Schnitz:<M‘ (llolas 38 

Hurting Oxyn, 40 

Hartiiack Ihintoskop, 53 

Hill, 48, 52 

Hypergon wide angh\ .39 
Ilex, 58 

Ilex convertible rapid rectilinear, 53 
for infrared photografihy, 40 • 

Kern, 58 
Kodak, 58—59 


Lenses, Kodak cine, 52 
Kodak E)ktar, 45 
Laack, 59 

Laack Polyxentar, 52 
landscape* 37 
Leitz, 59—60 

light transmission of, 21—23 
measurement of focal length, 17 
Meyer, 60 

Meyer A r is topi an, 53 
Meyer Aristoplanat, 53 
Meyer Aristostigmat, 44 
Meyer Kino-Flasmat, 42—43 
Meyer Makro-Plasrnat, 52 
Meyer Plasmat, 42 
Meyer Priinoplan, 45 
objective, 432 
O.I.P., 60 
optics of, 10—36 
orthoscopic, 32, 37-38 
Pancratic, 47 
periscopic, 38 
Petzval portrait, 37 
Plalibel, dl 

Plaubel Tele-Makinar, 48 
Plaubel Tele-Peconar, 52 
Polyp last, 42 
portrait, 50, 53 
principal point, 14, 15 

7 ) r i n (d p a I t y p es, 51.5 3 

process, 48—40 
Protar, 40-41 
rectilinear, 32, 38-30 
Reichert, 61 

Reichert Cbjinbinar, 41, 42 

resolving power of, 25 

Rich tin:, 44 

Rietzschel, 61 

Rietzschel Liinear, 41, 42 

Rodenstock, (>1 

li, o d m i s t, () k IC i k o n a r, 42 

R.o<lemsto(dc Irnagonal, ,52 

Rodimstock Paniagonal wide ang](>, 52 

Rodenstock K.ec.ti-ai>lana4, 53 

Rodenstoi^k Wide-angle Aplanal, 53 

Ross, ()2 

Ross C-on centric, 40 

R OSS H o m otu* 11 1 ri c, 4 4 

Ross Tele ceil trie, 48 

iioss Teleros, 48 

Ross Xi)res, 42, 46 

Itousscl, 62 

RudoIi)h Planar, 45 

liiulolph Unar, 44 

Schneider, 62—()3 

Schneidei* Ort-ho-Angulon, 42, 43 

Schneider Symmar, 42 

Schrudder d'ele-Xenar, ‘hS 

Sclincdiler Xenon, 4 5 

Schulze, 63 

Schulze; Euryplan, 42, 45 
Schulze Ort.hosko^), 53 
Scliulze St>ariskop, 53 
scratches in, 22 23 
Simon, (>3 
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Lenses, Simon Octanar, 42 
soft-foous, 50 
Bttible (Staeble), 63 
Stable Neoplast, 48 
Bteinheil, 53, 63 
Steinbeil Unofocal, 44 
Steinheil Orthostigmat, 42 
stray light in, 22-23 
supplementary, 50-51 
Suter Aplanat, 53 
Sutton's panoramic, 38 
system of, magnibcation in, 10 
Taylor-Hobson, 34, 04 
I'ayl or-Hobs on Aviar, 44 
Taylor-Hobson convertible, 42~"43 
4'aylor-Hobson Opic, 45 
Taylor-Hobson Speeclic, 43, 44 
'raylor-Hobson Super-speed Pan(4iro, 45 
Taylor-HoV^son telephoto, 47 
I'echnicolor, 34 
telenegative, 47 
t elephoto, 10, 46—48 
Tessai', 45-46 
tests for, 34—35 
thin, 15 

transmission of, 18 
4'urn(*r-Reich convertible, 41, 42 
VoigtUlnder, 04 
VoigtUindtM* Collinear, 41, 42 
Voiglluud(*r Euryskop, 53 
Voigtliludtu* Heliur, 46 
Voigtliinder IT<4iostigmat, 40 
Voigtlilnder Tcde-Dynar, 47-48 
Watson, 05 

Watson Holostigmat, 41, 42 
Wolhmsak, 05 
Wolbmsnk V<‘rsar, 53 
Wray, 05 

Wray bustrar, 44, 45 
Wray IMatystignuit, 53 
Ztdss, 65™(i() 

Ztnss Hiotar, 4 3, 15 
Z(‘isH Biot-essiir, 'H) 

Zeiss (4onv(‘rtibl<' Trotur, 42 
Z(4hs Magnar, 47 
Z<‘iss Ortho .PiH>tar, 42 
Zeiss Ort hound ar, 43 
Z(4 hs H<mnar, 43-44 
ZfdsH T<4e”tosHar, 47, 48 
Zeiss d'riple-Protar, 41, 4 2 
zoom, ()84 
bight, actinic, 201 
d<4initions of, 201 

intensity and <iuality of, in (hdennining 
<'Xi>o.surc, 2 17 2IP 
limitation of In^ain, 17 18 
nature arid i»ropcrti<*H of, 10 12, 2t>0 
ph(,)tt>graphic (‘tlrnds of, 2(i8 273 
polari/.mi, I 2 

seat tm ing of, by negntivi*. 108 1 OP 

solarspot incan<l(%s(nmt, 080 
stray, in hmses, 22 23 

Light b(*am, elTect of inserting parallel iiUite into, 
34 


Light-distribution diagram of high4ntensity .arc* 
692 

Light filters, 292-317 

Light fog, 620 1 

Light output of lamps, controlling, 284—286 
Light rofltxjtioti, from colored objects, 218 
diffuse, 262—263 
specular, 262-263 
Light reflectors, 289-291 
Light sources, artificial, 277-288 

caiLon arcs, 285-286 , 

flashlight powders, 288 ' • 

moonlight as, 276 
natural, 273-277 
photoflood lamps, 282-285 
photographic, 261-291 
reflectors as, 28P-291 
for sensitometry, 154-1()1 
spectral-intensity curves for, 271 
for spectroscopy, 819-820 
Light spectra, 266—268 
Tdght transmission of lens, 21-23 
lighting, motion-picture, 685-693 
spotlight e.liaracteristic^H, 690 
Littrow mounting of spectrograph, 809 
lAimit>re Autochrome plates, 147 

M , ' ' ' 

Ma<dcie line, 362—363 
Alagnifieaiion, in hms system, 16 
longitudinal, 16-17 
telephoto, 16 
Map, aerial, 721—731 

compiling mosaic, 724 729 
Harvard Sky, 738 

Marten’s polarization dt^nsi I onud er, 175 177 

Masking, 4 38.139 

M<Hlieal radiograijhy. 824 825 
Meritol, 328 
Mtd near bob 337 
M etallography, 780 
Meinls, mi<n-oscopy of, 780 783 
Meteors, photographing, 758 759 
Metol, 334 335 
M<d-o<iuitH>m\ 327 
M ierophot t)in<d-(n', Murtjnunn, 752 
Microseopt*, nunuu-ical ai)erture of, 773 775 
optical <liugruin of, 789 
opti<^al systtnuH of, 771 
rt'solving pow<u‘ of, 773 
ultruvioUd,, 783 797 

IMicros(M)pi(' objtMdivt's, (‘olor (u)ri<’‘<dion of, 775 
776 

Mitu'oseopy, of nu^t als, 780 783 
U'chideal, 770-798 
Miniature' cann'i'aM ('anu'ras) 

Mononu't developing agent., 323 
Montages (see Photo montages) 

Moon, photographing, 758 
Moonligiit, us light source, 276 
Mosaic! map, 724 729 

Motion-pi(d.\ire ('.ameras, high-speed, 766 768 
Motion-picture developers, 363 36(} 
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Motion-picture photography, 7, 663-707 
exposures for, 245—248 
laboratory practice in, 697—702 
polariaing screens in, 697 
Motion-picture positive film, 139 
Motion-picture process photography, 702-706 
Mounting prints, 445-446 

N 

Negatives, blisters on, 529—530 
blurred, 512—513 
c ol oFrse parati on, 617—629 
condition for correct, 211 
defects in, 507-538 
distorted image, 514—517 
emulsions for, 130—138 
choice of, 133—134 
enlarged by reversal, 448 
fading of, 527 
finger marks on, 526 
fogged, 517-520 
frilling, 531 
harmonizing, 559 
image reversal in, 522 
incorrect contrast in, 520—521 
incorrect density of, 522—523 
matching of, with paper, 418-422 
materials for, types of, 135—136 
multiple image on, 513-514 
opacity-brightness relation, 190—199 
paper, 446-447 
reticulation in, 531-532 
standard sizes of, 136—137 
static lines and markings on, 511-512 

O 

Object distance, 15 
Opacity, 23 

Opacity-brightness relation, 196-199 
Optical density, 23 

Optical diagram of ultraviolet microscope, 789 

Optical printer, diagram of, 704 

Optical system, of microscopes, 771 

Optics, of lenses, 10-36 

Orthosoopic lenses, 32, 37-38 

Ortol, 328 

Ostwakl ripening, 1 16 

P 

Paints, for darkroom, 5()3 
Paper, characteristics of contact, 42^ 
density range of, 201, 422 
direct positive, 147, 450-451 
effect of curvature of, 422—425 
exposure range of, 144, 201-204 
H and D curves for chloride, 142 
matching with negative, 418—422 
for platinum printing, 480 
printing-out, 146, 451 
projection, 424 
aheen of, 145 


Paper, storage of printing, 426 
texture, 145—146 
weight, 146 

Paper base characteristics, 123-124 
Paper contrast, 142-145 
Paper negatives, 446—447 
Parallax, 82 

in view finders, 36 
Paraxial ray, 13 
Periscopic lens, Steinheil’s, 38 
Perspective, 26—27, 94-95 
Petzval theorem, 39 
pH of developing formulas, 340 
Phenylenediamine, p-, 323, 337 
Photo montages, 439-440 
Photo murals, 447—448 
Photofiash lamps, 286—288 
Photofiood lamps, 282—285 
Photographic materials, 5, 116-152 
graininess of, 129 
methods of use, 126—127 
reciprocity failure, 128-129 
resolving power, 130 
sensitivity, 140—142 
spectral sensitivity, 125-127 
speed, 190-196 
types of dyes, 126 
Photograp^hic sketching, 448-449 
Photography, color (aee Color f)hotogrMphy) 
elementary, 3-7 

motion-picture (see Mot ion-pictnr(‘ photog¬ 
raphy) 

present status of, 1 

Photometer, Bell and Howard, 249 250 
Photometry, 751-753 
Jkiotomicrography, 770-798 
Photon, 264 

J^igments, for gum print itig, 488 
Pinatype color process, <>43 -(>45 
Pincushion distortion, 31 
I^inhole camera, 25-26 
Pirai, 328 

Planets, p>hotographiiig, 759 
Plateholder, double-sIid(‘, 737 

Plates, for astronomitail photograpliy, 744-747 
Eastman spectroscopic, 745 
measuring in astronomy, 750—751 
Platinum p)rintiug, 478-486 
Polarized light, 12 
Polarizing agents, as filters, 303-307 
Polarizing screens, in mot ion-i)ictur<* photog¬ 
raphy, 697 
Polaroid filters, 12 
Polaroid stereo system, 584-585 
Polyphenols, 321 
Pomeroy-Dunning system, 703 
P O P (see I^aper, printing-out) 

Portrait lenses (see Lenses) 

I^ositive materials, 138”14() 
characteristics of, 199-204 
Principal point, 14, 15 
Ih‘iiiter, optical, 704 
Ikinting, 7 

Artigue process, 493 
carbon,466—474 
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Printing, carbro, 474-478 
contact, 426™427 

equipment for, 427-428 
contrast control in, 440 
Fresson process, 479, 493-497 
gum, 486—493 
gum platinum, 484-486 
materials for, 414-416 
characteristics of, 201#. 
multiple-carbon, 471-473 
oil and hrornoil, 497—505 
I)apers for exposure range, 415 
tone range, 415 
platinum, 478-486 
practical considerations in, 4 17 426 
projection, 428-438 
safe lights for, 442 
Printing-in clouds, 439 
i^rinting processes, 412-452 
control of, 438-440 
special, 466- 506 
types of, 412-414 
Prints, curling of, 409-410, 543 
defects in, 538-545 
embossing, 446 

exposure latitude* in pro<H‘Hsing, 440-441 
fog in, 539 
frilling in, 543 
glossy, 416-417 

for luilf-t()u<‘ engravings, 437 438 
liigli-keyt 4 25 
imag<* torus 145 
incorrect contrast in, 539 
incorrect density in, 540 
low"k('y, 425 

nuitt<‘, 4 1().4 17 

mounting, 445.14() 

I)a-per for, 140 
proruissing of, 440 
tonal (luiility of, 339 
toiu* control of, 44 1 4 12 
toning, 453 465 
waxing mat t -1 16 
F\irkinj(* shift, 204-265 
Pyrninidol, 324 
Pyio, 320, 328 
Pyrogallol Pyro) 

<2 

(Quantum, 204 

U. 

Radiation, (dT(*cts of, 292 295 
R a<iiographi<^ <larkrooui, 832-833 
Radiography, 822 834 
indxistrial, 825 83 1 
nu*di(nil, 824 825 
radium, 834 
Range* finders, 83-89 
Rei4f>r(><dty law, 128-129, 101 102 

]tc<‘ording cameras and projectors, 78 
(aSV’c also Canuu'as) 


Kectification, of aerial photographs, 723 
Rectilinear lenses, 32 
Reducer, Farmer's, 556 
Haddon’a, 557 
proportional, 558-550 
subtractive, 556-568 
superproportional, 559 
Reducing and enlarging tables, 433 
Reduction, 554-560 
local, 559—560 
Reflected light {see Light) 

Refiecting-type finders, 81-82 
Reflection, diffuse, 262-203 
factors in, 290 
specular, 262—263 
Reflectors, 289-291 
Refraction, 10 
law of, 12—13 

{See also I^enses) 

Resolving powder, of emulsions, 23-24, 131 
of lens, 25 
of microscopes, 773 
Reticulation, 363, 531-532 
Reversal, enlarged negatives l)y, 448 
Reversal emulsions, 146—147 
Reversal materials, 147-148 
Reversal pro<^esH, Kodachronu*, 151 
Rodina,I, 334 

Roll-film (uiin<*ras, focal length of lenses for, 
73 

Ross corrector, 739-740 
Hotamhulat.or (dolly), <>84 

S 

Safe lights, Ml, 312, 310 
for printing, 4«12 
S<di(Mner sjuM'd ratiugM, 192 193 
S<dmii<lt canu'ra, 7^10 
S<*nHitoin<*t <*r, 10<l(*r- 11 t‘(*ht, 192 193 
I)rji<'t ical, 105 

S<*nsit.omct ry, a i>pli<‘at ion of, 154 
<l<*v<*lopni(*nt for, 106 Hi7 
light sourc<*H for, 154 161 

practical applications of, i9<>#. 

S(*pia toning, 45f> 4(»1 
Short-stop baths, 378 380, 444 
Shut ters, 5, 97 1 1 5 
automat 'n% 1 00 
car(* of, 111 II5 
C^ompur, 103, 104 
T)<*ck<*l, <li mensions of, 105 
focal-planc, 109 110 
of ( h)nt.a \ , 112 
eOici(mcy of, 112 115 
of I a*ica, 1 1 1 
Ciirafh*x, 110, 111 
Il<*x s[)cci0cut ions, 106 107 
int.ci'lens, 97 100 
Kodsirnatic, 104 
Ko<lo. OH 

of mo<i(U’n 1 >oX“(Uimera, 98 

mult ihliule, 1 00 1 Of) 

r(»tardiiig <lcvi(M*N, 102 104, 107-109 
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Shutjters, :sifigle--blade, 97 

special types of, 109-110 . 

testing, 110-112 
tests for, 114 
Wollensak Betax, 104 
Wollensak, dimensions of, 108 
Wollensak Begno, 101 
Wollensak studio, 109 
speed of, 221—222 
to stop motion, 222 
Siderostat, 743 , 

Silver halide crystals, 118-119 
Silver halide solvents, 344 
Solarspot incandescent lighting, 689 
Solutions, accuracy in compounding, 571; 

Spark photography, 765—766 
Spectra, comparison, 816-817 
light, 266-268 

Spectral intensity, of mean noon daylight, 157 
Spectral-intensity curves, for common light 
sources, 271 

Spectral sensitivity, 125—127, 183-190 

bearing of, on exposure, 223 ^ 

of human eye, 156 
of negative emulsions, 130—132 
of typical photographic materials, 271 
Spectrograms, of him, 127-128 
for various paper emulsions, 141 
Spectr©graphic measurements, 755-757 
Spectrographs, astigmatic, 810 
commercial, 811-812 
illumination of, 814—815 
Littrow mounting of, 809 
stellar, 741-742 
stigmatic, 810 
Spectroheliograph, 742-743 
Spectroscopic photography, 804-821 
Spectroscopic plates, Eastman, 745 
Spectroscopy, light sources, for absorption, 819- 
820 

for emission, 819—820 
Spectrum, visible, 11 

wavelengths of, 817—819 
Speed, DIN system of rating, 192-193 
Eder-Hecht rating, 192—193 
film, and exposure time, 214—216 
inertia ratings, 193—195 

latitude-inertia method of detertniniiig, 195 
minimum useful gradient, 196-196 
of photosensitive material, 190—196 
Scheiner ratings, 192-193 
shutter, 221—222 

to stop motion, 222 
threshold ratings of, 191-193 
Weston system of rating, 195 
Speed relations, equations for film, 215 
Speed scale, Watkins, 194 
Speed system, Wynne, 194 
Speed tables, 839 
Spherical aberration, 28—30 
Spotlight characteristics, 090 
Stereophotography, anaglyphs in, 583-584 
cameras for, 579—580 
distortions and aberrations in, 591 
hyper-, 58S 


Stereophotography, Ives system, 590-591, 

Polaroid system, 584-585 
theory of, 572-576 
viewing instruments for, 580-583 
Stereoplanigraph, 730 
Stereoscopic photography, 572-594 
Stop, effects of shifting, 38 , 

uniform scale of designating, 19 
Stripping film, 125 

Subtractive color process {s&e Color processes) 
Sun, photographing, 757 
Sutton’s panoramic lens, 38 

T ^ 

Technicolor, 150, 660 
lens for, 34 
Telenegative, 16 

Telephoto lenses, exposures with, 225-226 
{See also Lenses) 

Telephoto magnification, 16 
Telescope, determining focal length of, 748 
refracting and rejecting, 734-736 
Temperature, maintenance of, in darkroom, 569-- 
570 

Threshold-speed ratings, 191—196 
Time-gamma curves, 181-183 
Tintype, 147 
Tone, control of, 441-442 
rendition of, 204-207 

reproduction of, requirements for, 209-212 
Toning, copper, 462 

direct development, 454-45i> * 

dii'ect sepia, 456 

dye, 463-465 

ferrocyanide, 462 

green, 463 

hypo-alum gold, 457—458 
hypo-alum sepia, 456-457 
indirect sepia, 458—459 
intermediate sepia method, 460 -401 
liver of sulphur sepia, 458 
mercury sulphide sepia, 459-400 
obtaining red tones from sulphid(>-lnned print, 
461 

potassium permanganate sulphidt*, 160 
of prints, 453-465 

processes of, for color photagrar)hy, 150-151 
sepia on bromide papers, 401 
sulphide processes, 455—456 
uranium, 462—463 
Transmission of lens, 18-19 
Transpai*encies, color, 063-060 
materials for, 138-139 
Transverse chromatic aberration, 28 
Tray cleaners, 568 
Tripack, 149 
Tripod, 93 

IJ 

Ultraviolet («ec Micrpscoi^e) 

Ultraviolet filters, 597-598 
Ultraviolet microscope. 783 -797 
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Ultraviolet photography, 596-602 
applications of, 600-602 
filters for, 597-698 
methods of, 599-600 
Uniform scale, 19 

V 

View finders, 35-36,80-82 
Viewing distance, proper, 95-96 
Viewing instruments, for stereo, 580-583 
Vignetting, 21,33,35 
Vision, binocular, 577 
normal, 264-265 

Visual magnitudes and color index, 753-754 
Voigtllnder (see Lenses) 

Voltage, effect of, on incandescent lamps, 158-160 

W 

Washing, 399-407 
effect of container on, 406-407 
multiple-bath. 402-403 


Washing, of prints, 405-406 

(See also Fixing, washing, and drying) 
Washing time, minimum, 404 
Wash-off relief, 160,640-643 
Watkins speed scale, 194 
Watkins and Wynne actinometers, 249 
Wavelength determinations, 817-819 
Waxing matte prints, 416 
Weber-Fechner law, 265 
Wedges, neutral-tint, 307 
Weston speed system, 195,850-854 
Wynne speed system, 194 

X 

X-ray diffraction, 831-832 
X-ray films, 148 
X-ray photography, 822-823 

Z 

Zeiss (see Lenses) 

Zeiss coupled range finder, 87-89 
Zincke-Sommer, 37 



